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Proceedings of the Four Hundred and Eighty-first 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
November 12, 1908—Mr. W. М. Мокрєү, 
President, in the chair. 


The PREsIDENT : Gentlemen, you must all of you have heard of the 
lamented death of our revered Past President, Professor Ayrton, which 
took place last Sunday, November 8th. To-day many of us have 
gathered round his grave, and have joined with the representatives of 
other Societies in connection with which he did work perhaps as 
valuable as his work for this Institution, in paying a tribute of respect 
to his memory and to his life. We meet here to-night not to inaugu- 
rate, in the usual way, a new session—our thirty-cighth session— but, 
as the Institution of Electrical Engineers, to mark our sense of the 
great loss that we have sustained, and to send to Professor Ayrton's 
family a message of our deep sympathy. The loss we have sustained 
is a very real and personal one to us. In him we are deprived 
of one of our most distinguished and most useful members. Almost 
Since this Institution was founded he has been one of the main- 
Stays of it. He was elected a member іп 1872, when the Institu- 
tion, founded the previous year, was the Society of Telegraph 
Engineers. After twenty years of strenuous work, mostly in connec- 
боп with the objects of the Institution, he became our President. 
Throughout his life his efforts have been continuous in furthering the 
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objects that we all have at heart. Only those who have been members 
of this Council know how constant was the attention, and how great 
‚ the thought he always gave to our affairs, and not perhaps least in the 
capacity of Honorary Treasurer, at a period, from 1897 to 1902, when 
the greatest care and attention was necessary in that office. The 
establishment on a sound foundation of the finances of the Institution 
is very largely due to the work that he did in that period. 

As for his usefulness to electrical science and electrical engineering 
I need hardly refer to it. Our $¥ournal alone is a monument of it. 
That Journal, although it contains a vast record of the work he has 
done, only includes a very small part even of his written work. An 
examination of the Proceedings will show that during the thirty-six 
years of his membership he has read before the Institution thirty-two 
papers, most of them in conjunction with his old friend and colleague, 
Professor Perry, and that in addition he took part and spoke in dis- 
cussions on papers no less than a hundred and three times. I am sure 
you will agree with me that on every one of those occasions he made 
us his debtor. | 

We lose in him one of the small band of eminent teachers and 
investigators who have done so much to establish British electrical 
engineering on the firm foundation on which it rests to-day. We can 
ill spare him. With regard to his early work, perhaps you do not all 
remembcr it as well as some of us who sit at this table. It has become 
historical. I might describe the spirit of it in three words—experiment, 
accuracy, measurement. Those three words express the leading 
ideas of the work he did, especially at the time when he and a few 
others placed electrical measurement—practical electrical engineering, 
measurement—on a firm, practical engineering basis. His contemporary 
influence has been great as a teacher, and in other ways. 

His work does not die with him. It lives in the permanent effect 
he produced in our art—it lives in the records in our Fournal, in his 
books, and in various publications—and it lives in his pupils, in the 
men who learned from him-—who learned not merely their science 
and their engineering, but who learned the principles of earnestness 
and endeavour and of effort to be of service to their fellows, which was 
his great characteristic. His name is known and honoured all over the 
world, in every country where electrical engineering is practised. His 
pupils are all over the world. One can scarcely go anywhere without 
finding amongst electrical engineers men who have actually been his 
personal students, or if they have not been his personal students, they 
have at least been his students in other ways. I think we may all claim 
to be his pupils. For my part I do not forget that I attended his even- 
ing classes in 1881, and I can truly say I have been his pupil ever 
since. 

The occasion is a sad one, but you know what his practical common 
sense was, and I am sure that he would have agreed that such occasions 
were not appropriate to looking entirely at the sad side. I would say, 
as I ventured to say the other day with regard to his master, Lord 
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Kelvin, that whilst we deplore his death, we are glad that we can feel 
thankfulness for his life and for his work. | 

I will now ask Professor Perry, his old colleague and friend, to 
speak, and then I will ask you to join with us in sending to his family 
an expression of our deep and sincere sympathy with them in their 
bereavement. 

Professor J. PERRY, F.R.S. : Gentlemen, I do not like very much to 
speak on this occasion. My partnership with Professor Ayrton lasted 
fifteen years, and we were in close friendship over a third of a century. 
My pride in having been Ayrton's partner, in sharing credit with him 
in work published with the two names, gives me a bias, warps my 
judgment. In the last few days I have been forced to think of the 
glorious times of the pioneers in electrical engineering, when a new 
world was before the explorer, a new harvest waiting for the reaper. 
You young people in this Institution know and can know nothing 
about those early times of ours. That I was one of the explorers and 
one of the reapers was due altogether to Kelvin and to Ayrton. I have 
been so very busy since his death that I thought I would leave this 
speech to the spur of the moment, but this morning, after my lecture, 
I felt that the occasion was so unusual that I might break down and 
might not be able to collect my thoughts. Even now that I have had 
a few hours for deliberation I feel that I can only touch on a few 
salient points. I cannot do justice to such a subject. 

In Ayrton's death we have suffered a great loss. The service which 
we demanded from him as a member of the Institution and as a 
member of Council was a labour of love. It was seldom, so long as 
his health allowed, that he let any business, however important, inter- 
fere with his attendance not merely at the general meetings, but at 
meetings of Council and the Council Committees of this Society. The 
work of our Council has gradually become very complex ; to that work 
he brought a trained intelligence, a keenness which enabled him to 
perceive at once the essential point in every question and a very large 
experience of the world. No wonder that he loved this Institution. 
It was the mirror of his life—you young people do not know, because 
I am speaking of many years ago—it gave a setting and a value to all 
his lifes work and all he cared for; it gave a scope for that energy, 
that earnestness, that untiring industry, that hatred of inaction which 
was his most striking characteristic. 

But he also had a love for this Institution which was the charac- 
teristic of Latimer Clark and General Webber, the love of the nurse or 
mother for the son who has gradually grown up to splendid manhood. 
It is the most intense of all forms of love. 

I was privileged to assist Professor Ayrton in his scientific work in 
Japan and in England. When Iarrived in Japan in 1875 I found a 
marvellous laboratory such as the world had not yet seen elsewhere. 
At Glasgow, at Cambridge, and at Berlin there were three great per- 
Sonalities ; the laboratories of Kelvin and of Maxwell and of Helm- 
holtz, however, were not to be mentioned in comparison with that 
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of Ayrton. Fine buildings, splendid apparatus well chosen, diligent 
students, a never-resting, keen-eyed chief of great originality and 
individuality : these were what I found in Japan. I am only occa- 
sionally energetic, but he was always working at fever heat. His load 
factor was тоо per cent. It was he who had the occasional weary work 
of arranging and cleaning apparatus. I never in my life did more than 
look on when a quadrant electrometer had to be cleaned. Many of our 
investigations required only one observer, and that one was always 
Ayrton. I often expressed my annoyance at getting half the credit 
when about 20 per cent. of it was my fair share. 

After we got back to England things went on in the same way. 
He arranged a laboratory of quite a different type at Finsbury, and 
later be arranged what is now, in my opinion, the finest laboratory in 
the world at Kensington, a combination of the ideas of Japan and Fins- 
bury. He worked incessantly, and I continued to get half the credit, 
until at length the thing was insupportable and I forced a rupture. 
He was at Kensington doing all the work and I was at Finsbury doing 
both day and evening teaching ; we met rather to discuss his results 
than for me to do anything. I hope you will forgive this apparent 
egotism, it is history. My self-respect caused me to force a rupture. 
I was so fearful of yielding to temptation and letting this state of things 
continue that I used angry language which made the rupture irre- 
vocable. I was not angry. I loved and respected him all the time : 
after a while I let him know this—I let him see that it had been the 
only course of action that was possible. 

Except for those few months therefore, during actually one-third 
of a century, we were always the best of friends ; during those few 
months of apparent rupture I was very sorrowful because of my 
enforced deceit. 

In dealing with students, that earnestness and enthusiasm and 
inspiration, that training in scientific method, that sympathy and 
helpfulness for others which he received from Lord Kelvin, he 
handed on to many thousands of pupils; and they in turn are 
handing them on to new generations. 

When in 1878 he came home from Japan and started the classes 
which became the City and Guilds Central College, Finsbury, his 
success, of course, was greatly owing to the fact that there were no 
other classes for earnest electrical students to go to. In electrical 
rescarch there were very few workers at that time. He was not only 
a scientific experimenter, he was a telegraph and, indeed, even in 
1879, what we may call an clectrical enginecr. When he was acting 
as engineer to the Faure Accumulator Company and other companies, 
numerous earnest, clever young men entered his service because it was 
almost the only school they could go to for experience in electrical 
‚ engineering. They have had a rich reward —more than half of them 
anyway. 

But what he did at Finsbury must be looked at from a quite diffe- 
rent point of view. Educationally it was a new departure. Hitherto 
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professors had experimented at the lecture table while the students 
looked on. Even when specimens were broken in a 200-ton testing 
machine or at the testing of a laboratory engine things went on in the 
same way ; but Ayrton held a brief not merely for the very clever but 
also for the average student. Lectures were given, yes. What made 
them so intensely interesting, however, was that they illustrated the 
experimental work which every student had to do with his own hands, 
exercising his own common sense. His students learned by doing 
rather than by listening. Lecture notes were unimportant, but great 
stress was laid upon the preparation of clear accounts of the work done 
by a student himself, illustrated by good sketches and sheets of curves. 
The motors and dynamos and other contrivances which were tested 
were not so small as to be toys, and were not so large but that they 
could be left in charge of the average student without fear of disaster. 
The preliminary work was particularly Ayrton's own invention. He 
said, “ In the study of mechanics and other kinds of engineering we 
deal with weight, inertia, stress, and so on; a boy in his play and in 
all he has done has become acquainted with these things ; but in elec- 
tricity we deal with something almost abstract, and there must be a 
regular training which will make the things which we call current, and 
electromotive force, and voltage, and resistance, and magnetic induc- 
tion just as tangible to the students as weight is.” 

Also he never aimed at creating a perfect engineer. He aimed at 
creating a learner, a man who would learn engineering when he had 
the chance of practising, a man whose education would go on until he 
died. Even now I question whether many people see what a revolu- 
tion he produced in modern technical education ; yet, without much 
acknowledgment, his methods have been adopted in every technical 
college in this country, not only in electrical but in mechanical engi- 
neering, and in every other application of science. 

As for his own success in teaching, I may appeal to many of the 
best members of this Institution, his old students. I recollect how, 
about 1886, sitting in this room by his side, I counted up the large 
audience ; many more than half of the people present in the room at 
that time were Аугіоп 5 old students. 

The titles of many of his very numerous investigations will be found 
in the Royal Society’s Catalogue. The younger members of my 
audience do not know that almost every one of those investigations 
added to the power of electrical engineers; they belong to the history 
of science and of our profession. Every one of his inventions was 
schemed, studied, designed, made, experimented with, altered, and 
used. Often after proving successful a thing was dropped because 
there was other and more interesting work to look after. It is all 
old history now, but many of those inventions will be found to be 
essential parts of the most modern electrical machinery. 

I do not mention his later work with Mr. Mather, Dr. Sumpner, 
and others, because I know less about it. I speak of the pioneering 
work. If these things are forgotten—well, what does it matter? 


= ne 


- ee 


SUE анган. ХУ NE = 


6 DEATH OF PROFESSOR W. E. AYRTON. [Nov. 12th, 


Ayrton, a pioneer, had a pleasure as pioneer which few people 
experience in this world. He was despondent towards the end, but 
he was despondent not because his work was forgotten—that was 
nothing; he was despondent because his failing body would not 
respond to his vehement spirit. He worked hard till he could work no 
longer, and when he knew that he could work no longer he died. But 
he was strong mentally till the end. He restsatlast. He could not 
be restful living. 

The PRESIDENT: I will now read the resolution to you: “ We, the 
President and Council and Members of the Institution of Electrical 
Engineers, desire to convey to Mrs. Ayrton and to the other members 
of Professor Ayrton's family an expression of our great sorrow at the 
death of Professor Ayrton, our revered Past President, and to assure 
them of our deep sympathy with them in their bereavement." 

The resolution was carried by all standing. 

The PRESIDENT : We have met for this purpose, and now we sepa- 
rate. I have only to announce that this meeting is adjourned till next 
Thursday, when my Inaugural Address as President will be given, and 
the premiums that have been won during the last Session will be 
distributed by Colonel Crompton, the retiring President. 

The meeting adjourned at 8.25. 
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Proceedings of the Four Hundred and Eighty-second 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on November 19, 1908— 


Colonel R. E. B. Crompton, C.B. Retiring 
President, in the chair. 


The minutes of the Ordinary General Meeting held on November 12, 
1908, were taken as read, and confirmed. 


Colonel Crompton then presented the Premiums and Scholarships 
the list of which is published in the Annual Report of the Council for 
the year 1907-8. 


Colonel CRoMPTON: My only remaining duty, and that a very 
pleasant опе, is to hand over the reins of office to my successor, 
Mr. Mordey. 

The Chair was then vacated by Colonel Crompton, and was occupied 
by the new President, Mr. W. M. Mordey. 

Sir JOHN Gavey, C.B.: It falls to my lot to perform the very 
pleasant duty of proposing a vote of thanks to Colonel Crompton for 
the manner in which he has carried out his arduous duties as President 
of the Institution during the past year. You will all remember that he 
took the chair after the death of our late lamented President, Lord 
Kelvin. He undertook the duties at a period when he had a very large 
number of onerous calls on his time, amongst these being the organisa- 
tion of the International Electrotechnical Commission, which he has 
carried through most effectively, and the urgent military duties which 
he had to undertake in connection with the Electrical Engineers, 
Volunteers, and the organisation of the Territorial Army. How he 
found time to carry out this multiplicity of duties in addition to his own 
private work we can hardly imagine; but I can say this, from what I 
saw of his work in the chair and in connection with the International 
Electrotechnical Commission, that I think very few men would have 
had the energy to have undertaken successfully such a multiplicity of 
duties; and I am sure we all owe him a very deep debt of gratitude 
for the manner in which he has conducted the business of our own and 
of the kindred institutions to which I have briefly referred. I have very 
much pleasure in proposing a vote of thanks to the retiring President. 
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Mr. R. K. Gray: It is with the greatest pleasure in the world that 
I rise to second the proposal of Sir John Gavey. І сап only repeat 
what Sir John Gavey has said. Colonel Crompton, as we all know so 
well, likes work—he loves work; and when the Council, last session, 
were in considerable difficulty owing to the death of Lord Kelvin, we 
thought we might presume on Colonel Crompton’s well-known hunger 
for work and ask him to fill the vacancy that had arisen. Colonel 
Crompton took the Presidency, and we Members of Council feel that 
no man could have filled the post better than he has done, and that the 
Institution owes him a deep debt of gratitude. The welfare of this 
Institution is a matter that is ingrained on Colonel Crompton’s heart. 
He has been, as you are well aware, a member of the Institution for a 
very long time ; he was already a Past President when he again took 
office this year, and he always takes the liveliest interest in everything 
connected with the Institution. In the ‘position from which he is now 
retiring, the exceptional one of having served twice as our President, 
he has not failed in any way to do honour to the Institution. I there- 
fore have very great pleasure in seconding the motion proposed by 
Sir John Gavey. 

THE PRESIDENT : Gentlemen, you have heard the motion which has 
been proposed and seconded. I am sure it is not necessary for me to 
add anything to what has been said by our two Past Presidents. 
Colonel Crompton is an example to us all—an example of electrical 
energy. His efforts for this Institution and for the objects we all have 
at heart have been untiring, and deserve our warmest thanks— not only 
as President but in many other ways. When one knows how much 
work he does for other societies and in various ways, official and un- 
official, one marvels how he finds time for even half of it. I am 
sure this motion will receive your very hearty support. 

The resolution was then put and carried by acclamation. 

Colonel R. E. B. Crompton, C.B. : It is with pleasure I vacate the 
chair, not that the duties were not pleasant to me during my year of 
office, but because I want time to carry on the work that an engineer 
loves—the experimental development of electrical ideas—which the 
duties of being your President have stopped for a year. I was called 
at an anxious time to the duties of the Presidency, and I hope I have 
carried them on in a way which has satisfied your Council and the 
members of the Institution. If I have, it is my reward. I hope that I 
shall live on with you to see this Institution still continuing to grow at 
the rapid rate of the last few years. I think the Councils action, 
approved by you, in regard to our new home marks a step in advance. 
There are other developments in the near future which, I think, 
will help the continuous development of this Institution, of which 
we are all so proud, and of which no one is prouder than I am, your 
retiring President. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library, 
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The following list of transfers was announced as having been 
approved by the Council :— 
| TRANSFERS. 
From the class of Associate Members to that of Members :— 
Alexander Henry Law. | James H. Rosenthal. 


From the class of Associates to that of Associate Members :— 


Frederick Wm. Hartmann. | William H. Merrett. 
Charles B. Johnson. Alfred R. Munro. 
Ralph V. Nance. 


From the class of Students to that of Associate Members :— 
Thomas Davies. | Harold Wm. Everitt. 
A. J. C. De Renzi. Robert Sawers. 
Robert M. Smith. 


Donations to the Library were announced as having been received 
since the last meeting from P. R. Allan, Azel Ames, T. H. Amrine, 
Messrs. The Automatic Electric Company, Chicago, A. Biddlecombe, 
Messrs. Blackie & Son, Ltd., The Bolton Corporation, C. Bright, 
F.R.S.E., Messrs. The British Westinghouse Electric and Manufactur- 
ing Company, Ltd., A. E. Bourcoud, Messrs. Butterworth & Co., 
Professor H. S. Carhart, Messrs. Chapman & Hall, Ltd., Messrs. 
Archibald Constable & Co., Ltd., J. F. Coote, T. des Coudres, W. 
Duane, A. G. Ellis, Engineering Standards Committee, |. Erskine- 
Murray, C. Féry, В. Gáti, E. Guarini, К. Heilbrun, T. E. Herbert, Н. M. 
Hobart, Messrs. The India Rubber and Gutta Percha and Telegraph 
Works Company, Ltd., The Institute of Chemistry, Professor G. Kapp, 
H. R. Kempe, A. E. Kennelly, Sir O. J. Lodge, A. Marson, W. P. May- 
cock, F. D. Meppen, C. E. Mestre, C. C. F. Monckton, A. E. Moore, 
North of England Institute of Mining and Mechanical Engincers, 
Major W. A. J. O'Meara, C.M.G., Messrs. The Ontario Power Company, 
H. F. Parshall, The Comptroller of the Patent Office, The Physikalische 
Technische Reichsanstalt, G. Quincke, Messrs. Rebman, Ltd., L. S. 
Robinson, The Royal Alfred Observatory, Mauritius, E. O. Sachs, F. 
Shaw, Messrs. Siemens Bros. & Co., Ltd., H. H. Simmons, Société des 
Télégraphes Multiplex, H. G. Solomon, Messrs. E. & F. N. Spon, Ltd., 
E. J. Stevens, Professor H. Stroud, The University of Illinois, U.S.A., 
The University of London, Professor W. C. Unwin, Messrs. R. Wade 
& Sons, Ltd., S. R. Walker, L. H. Walter, Messrs. Whittaker & Co., 
L. H. Wild, Messrs. Effingham Wilson, and C. J. H. Woodbury ; to 
the Building Fund from G. B. Byng and L. Wood ; and to the Benevo- 
lent Fund from A. H. Bate, S. E. Britton, M. Heaphy, The Lahmeyer 
Electric Company, G. H. P. Morgan, S. Morse, W. Routledge, J. F. C. 
Snell, O. V. Thomas, J. N. Tonge, and the Twenty-five Club (per J. G. 
Lorrain), to whom the thanks of the mecting were duly accorded. 


The PRESIDENT then delivered the following Inaugural Address :— 
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INAUGURAL ADDRESS 
OF 

W. M. MORDEY, President, 
ON 


SOME COMPARISONS OF THE ELECTRICAL INDUSTRY 
IN THIS COUNTRY AND ABROAD. 


I have been urged by influential members of this Institution to 
devote my address to the consideration of the position of the electrical 
industry and of electrical supply in this country as compared with that 
лп other countries. 

To attempt to deal with the whole subject of the electrical industry 
would be too great a task for one evening, and would involve the con- 
sideration of a great many matters that are outside of the usual scope 
of our work. Nor is it necessary, as it is the results achieved that are 
called in question. I propose therefore to restrict myself to an 
examination of those results, as that will perhaps best illustrate the 
general conditions of electrical engincering in different countries. 

My attention has been specially directed to some Resolutions which 
were passed five years ago by a committee of engineers and business 
men prominently connected with electrical engineering, and I am _ 
asked to consider what, if any, steps it would seem to be advisable to 
take in view of those resolutions. 

The first Resolution was as follows :— 


“ Notwithstanding that our countrymen have been among the 
first in inventive genius in electrical science, its development in 
the United Kingdom is in a backward condition as compared with 
other countries in respect of practical application to the industrial 
and social requirements of the Nation." 


I quote this Resolution because it is typical of the opinion held 
then and now by a large number of people directly connected with 
electrical engineering, and because it also probably expresses the 
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general opinion of the public. І am told there has been по improve- 
ment in the state of things referred to in those Resolutions. 

Various explanations are given—sometimes in considerable detail— 
of this supposed British backwardness. The favourite one is that our 
scientific and technical education, and our educational equipment, are 
defective and far behind some other countries. Another is that we are 
more hampered by legislative restriction than other countries. A third, 
that our banks do not come forward to the support of industries as 
they are said to doin Germany. And there are others. 

It will be admitted that this widely disseminated charge against 
British electrical engineers and British enterprise is very serious and 
very depressing, and that no apology or excuse is necessary for asking 
you to join with mé in examining it. I am assured that the subject 
is well suited for a Presidential Address, as it is one affecting the 
general public as well as electrical engineers, and I am asked to take 
advantage of the present occasion as it is one on which it is believed 
the ear of the public can be тоге easily reached than by a paper read 
at one of the ordinary meetings of this Institution. 

In taking up this question I have felt that I was not committing 
any breach of the well-known, if unwritten, law that on such occasions 
political questions should be avoided. This is not a political question, 
but one of simple, plain engineering and commercial facts, with regard 
to which it is very desirable that we as well as the public should 
be correctly informed. 


THE SUPPLY OF ELECTRICAL ENERGY. 


The question we have to examine is a very simple one. Is it true, 
as the Resolution states, that this country is: “Іп a backward condition 
as compared with other countries in respect of practical application 
to the industrial and social requirements of the Nation” ? 

To answer this question it is, broadly speaking, only necessary, so 
far as the service of the public is concerned, to find the extent to which 
the systems of supply of electrical energy in different countries provide 
for the requirements of the public; or, in other words, to find the 
average consumption in units per inhabitant, and the average price 
per unit actually paid. 

I have prepared some Tables giving this information for a large 
number of towns here and abroad. 

In this country, as is well known, a great deal of information 
is available from the returns rendered to the Board of Trade by the 
supply authorities. This is regularly published in the Electrical Times 
and other papers. In Germany, also, similar information is available 
in a very useful annual volume of statistics, edited by Herr Dópke, 
and published at Dortmund by the Vereinigung der Elektrizititswerke. 
A very good, but less complete annual statement also appears in the 
Elektrotechnische Zeitschrift. These are both based on official or specially 
collected and authoritative returns. The returns differ, however, from 
ours, inasmuch as they are not compulsory, and are therefore іп 
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some cases incomplete. But with these exceptions the informa- 
tion is generally in rather greater detail than in our Board of Trade 
Returns. 

Germany is the most important country for the purpose of the present 
comparison, for, so far as concerns European countries, it is Germany 
in particular that is referred to in the common statements about British 
backwardness. I am therefore very glad to be able to put before you 
authentic information regarding the supply of electrical energy in that 
country. This information is based on the publications already men- 
tioned, supplemented in some cases by further particulars kindly 
furnished in response to my applications. 

I shall afterwards, with your permission, give some information 
regarding the supply of electrical energy in important towns in various 
parts of the world, and then make a comparison of electrical tramway 
work in a number of British and German towns. 

We may now proceed to examine the Tables. Table A deals with 
electric supply in this country. Table B with Germany. They are 
preparcd on precisely similar lines. First comes the capital, then three 
groups of towns, six towns in each group, arranged according to 
population, to show the conditions respectively in large, medium, and 
small towns. The figures necessary for our comparison are given for 
each town and are avcraged for each group. 

In Table A, as regards London, I have not thought it necessary to 
give the details for all the supply authorities, but have given the 
averages for local authorities and for companies respectively, as well 
as the average for the whole. 

The towns were selected in the following way. A list of the towns 
was arranged in order of their populations, ranging from 10,000 to 
20,000 for the small towns, and from 100,000 to 200,000 for the 
medium-sized towns. Then six towns were selected from each group, 
distributed uniformly according to population. For the group of large 
British towns—of more than 350,000 inhabitants—Glasgow and Bristol, 
the first and the last of the list, were excluded in order to restrict 
the group to six towns. 

The order of selection was in no way influenced by the electrical 
results—in fact, those results were not known at the time. Probably 
this method gives a fair average. 

In the case of Germany, the list was made only of those towns for 
which the information was available. 

Information as to the energy respectively for light and for power, 
and the respective revenues for light and power has been kindly sup- 
plied to me by the engincers of all the British towns and of all the 
London systems. In this respect, our annual returns—which give only 
the total units and revenue—are less complete than those of Germany 
in which the separation is given. The total consumption includes 
street lighting. 

When we come to Table B a difficulty arises with regard to Berlin, 
for which place no information is available except the consumption for 


1908. ] MORDEY : INAUGURAL ADDRESS. 18 


lighting and power, the supply authorities not being willing to publish 
any figures as to revenue or average prices obtained. 

In addition to the three groups of German towns in Table B, I have 
given Cologne separately, instead of including it in a group, as the 
information regarding it is incomplete in one respect. The Cologne 
authorities are unable to give the revenue and consumption for lighting 
and power separately, as they do not differentiate between light and 
power, energy for both being measured and charged on the same tariff 
by double-tariff meters, which change the price according to the time 
of day without apparently any reference to the purpose for which the 
energy is being used. This is a very logical system, for which 
there is much to be said. It was first proposed by Dr. Kapp. The 
price of energy in Cologne is the lowest of any of the large German 
towns. 

An important column in Tables A and B is that showing the gross 
profit as a percentage on the total capital expended. This is very 
significant, in view of the fact that in both countries nearly all the 
systems examined are under Municipal control. The larger gross 
profit in Germany indicates that the Municipalities are taxing the 
consumers of electricity for the benefit of the rates. 

In order to see to what extent the slightly higher price of coal in 
Germany affects the cost of production, the actual cost of coal per unit 
is given in detail in Tables A and B, which also show the wages and 
salaries costs, these being inserted to test the usual opinion that in 
Germany labour is cheap. In one respect there is a difference between 
Tables A and B. The column headed “ Wages and Salaries" in A 
includes also management, office, legal and insurance charges; whereas 
in Table B, it includes only wages and salaries, the information regard- 
ing management, office, legal, and insurance charges not being obtain- 
able from the German records. The joint effect of these two items 
of cost—coal and labour—is also shown. 

In all three classes of towns labour is higher in Germany than here, 
which shows that low wages and long hours do not necessarily mean 
cheap labour. If the wages and salaries column in Table B had included 
as much as it does in Table A, the comparison would have been still 
more in our favour. 

Table C summarises the main results shown in Tables A and B. 


CAPACITY OF GENERATING STATIONS. 


Another comparison may prove interesting— that of the total power 
provided in Germany and Great Britain respectively for the public 
supply of electrical energy for lighting, power, or traction. Table D 
gives this comparison, and provides a further proof that there is no 
foundation whatever for the common belief in British backwardness 
in electrical supply. Our generating stations contain one and three- 
quarter times* as much power per inhabitant qs those of Germany. 


* Corrected since the Address was read ; see Appendix B. 
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TABLE D. 


TOTAL KILOWATTS OF GENERATING PLANT IN POWER STATIONS FOR 
PUBLIC SUPPLY OR FOR TRAMWAYS. 


` Kilowatts. Population. ре. 
Great Britain... 228 983,181 45,000,000 2r8 
Germany $i € 795,600* 63,000,000 12:6* 


The power in the stations in Great Britain is made up as follows :— 


Kilowatts. 

282 public supply stations — s ... 688,117 
I4 power companies’ stations ... > ... ... 107,480 
48 separate tramway stations ...  ... ... 94,144 
16 electric railway stations ... ба ... 92,440 
983,181 


ELECTRICAL SUPPLY IN VARIOUS TOWNS ABROAD. 


Table E contains information about a number of important towns in 
different parts of the world outside of Germany. 

Although the conditions are in many cases so different from ours 
that any direct comparison is difficult, I hope the Table may prove to 
be of interest. It shows that with the exception of a very few places 
which have ample and cheap water power, the supply of electrical 
energy and its cost to the public does not compare favourably with 
ours. 

It has been difficult to get information for this Table, as there are 
no useful official or authoritative returns available for any countries but 
Great Britain and Germany. The Table has been compiled from 
various sources, partly from the Vereinigung der Electrizitatswerke— 
largely from information kindly furnished by the engineers of the 
various systems, to whom I wish to express my sincere thanks. 

In the United States there seems to be nothing available—my 
inquiries, through an influential and well-informed channel, have pro- 
duced no result, except for Chicago, for which place Mr. Insull has very 
kindly sent me all the information for which I asked. 

From Italy I have been able to get nothing. 

The Table needs but little explanation. It is on similar lines to 
Tables А and В. 

The three Swiss towns—Zürich, Geneva, and St. Gallen—all have 
the advantage of water power. Zürich is mainly water powcr, with 
a long-distance transmission, and St. Gallen is partly water power and 
partly steam. In these two places it will be observed that the average 
price is 75 per cent. higher than in the medium-sized British towns. 

The power at Geneva is entirely water power, where, in addition to 


* Corrected since the Address was read ; see Appendix B. 
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the ordinary electrical supply, there is a very large consumption—about 
18,000,000 units—for electro-chemical work, which is not included in 
the Tables. Тһе average price to the public is r'64d. ог то per cent. 
less than the average of our medium-sized towns. 

An Appendix gives an analysis of the Geneva results, and shows that 
the capital charges allowed (viz., 6 per cent. interest and 1'2 per cent. 
sinking fund) amount ќо 0'23d. per unit, while the power itself only 
costs 0"074. per unit, distribution being excluded in both cases. 

Of the other large continental towns, with the exception of Lyons, 
all аге higher in price—most of them very much higher in price—and 
appreciably lower in consumption than in our large or medium-sized 
towns. 

Lyons has water power and a very large industrial motor load. Its 
price for lighting is, however, high, and the consumption only about 
half as much as the average of our large towns. Тһе power load is, 
however, the largest in the list. Grenoble—another town supplied 
from water power—has also very high consumption both for power 
and lighting and low prices. 

The information regarding Chicago is very interesting, especially 
as it is the only American town of which I am able to give any par- 
ticulars. Knowing what I do of the place and of its electrical ruler, 
Mr. Insull, I am inclined to think the Chicago results are probably 
better than those of other American towns. The consumption per head 
в higher than in any European towns, except Geneva and Lyons. 

The average price for power is 2:08d. against 1°73d. in London and 
rod. in the large British towns. 

The price for light is 3:52d., as compared with 3:27d. in London and 
322d. in the large British towns. 

In considering these prices, it is necessary to bear in mind the lower 
value of money in the United States. 

I am glad to be able to give the figures for Melbourne and Adelaide. 
They show a satisfactory development of electric supply, and the prices 
charged are moderate in view of the low value of money in Australia. 


ELECTRIC TRAMWAY STATISTICS. 


Tables F and G contain information enabling a comparison to be 
made between two groups of British towns and two corresponding 
groups of German towns. It is not necessary to go into the tables in 
detail here. They explain themselves, and Table H summarises the 
averages of the principal quantities. 

It will be noticed that the differences between the two countries 
are much less than in the supply statistics. 

In capital expended per inhabitant the large British towns show 
rather less than the corresponding German towns, while in the medium 
towns the positions are reversed. 

In journeys per inhabitant there is very little difference in the large 
towns, but in the medium towns there is a difference of 18 per cent. in 
favour of this country. 
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In revenue per inhabitant the German average is slightly higher than 
ours. 

The length of single track per inhabitant is greater in the large 
German towns, and nearly equal in the medium towns to the British 
figures. 

The most striking difference between the two countries is in the 
car-miles per inhabitant—the German figures being nearly double 
the British for both groups of towns. This difference is, of course, 
due to the use of small cars in Germany. An examination of the 
German statistics shows that in all the towns mentioned in the table 
the average normal or licensed carrying capacity of the cars (including 
standing space, which is allowed in German practice) is 33 passsengers— 
probably the average capacity of our cars would be about 50 passengers. 

In Germany the average revenue per passenger is slightly higher 
than here—we do not know the average distance travelled. 

The cost per passenger—a very important quantity—is distinctly 
higher in Germany in both groups of towns, being g per cent. higher in 
the large towns and 14$ per cent. higher in the small ones. 

The total cost per car-mile is lower than here. Low wages help in 
this. As only two attendants can be employed on each car, low wages 
and low cost of labour are synonymous. 

The comparison of the ratios of costs to revenue is in favour of the 
British towns.* 


CONCLUSION, 


There now only remains the task of summing up the results put 
before you. 

I do not, of course, suggest that these results are exhaustive, or that 
they cover the whole field, but I think they may at least be taken to 
show that the question we set out to examine may be answered in the 
negative—the question whether “ the United Kingdom is in a backward 
“condition, as compared with other countries, in respect of practical 
“application to the industrial and social requirements of the Nation.” 

I regret extremely that I have not been able to make an effective 
comparison with the United States. I am hoping, however, that before 
my term of office expires I shall be able to make that comparison at 
least for a sufficient number of American towns. At present I can 
go no further than to say that I do not expect to find that we are behind 
our brother engineers in America. 

As regards Germany the Tables A, B, C aud D show that we are 

* It will be observed in Table G that three of the medium-sized German towns 
Selected for the tramway comparison are ditterent from those in Table B. The 
reason is that the conditions in Elberfeld, Mulhausen, and Steglitz are such as to 
make a comparison difficult. In Elberfeld the municipal tramways form only a part 
of a network of lines serving the surrounding country, and in the town itselt for the 
latter the traffic cannot be distinguished. 

_ Аз regards Mülhausen, about 30 per cent. of the trattic is goods; this, whilst 
interesting, prevents a comparison being made. 

Steglitz is a suburb of Berlin, and the relation between its population and the 


small mileage of tramways within its area is not one which can well be compared 
with the others. ‘ 
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far ahead of that country in the extent and cheapness of our supply 
industry. The relative position of the two countries as regards the 
supply of energy for public lighting, for domestic, and for industrial 
purposes may be summed up thus :— 


1. In the large towns in Germany electrical energy costs twice as 
much per unit, and the consumption per inhabitant is half 
as much as in our large towns. The difference in the cost 
of coal is insignificant, and docs not account for the higher 
price. The labour there costs more than it does here. 

2. In the medium-sized towns the price in Germany 15 33 per 
cent. higher than here, and the consumption is about the 
same as in our medium-sized towns. 

3. In the small towns in Germany the price is 4o per cent. higher 
and the consumption ts about the same as here. 

4. Our public generating stations contain two and a quarter times 
as much power per inhabitant of the whole country as those 
of Germany. 

5. In electric tramway work we do not compare unfavourably. 


As regards important towns in other countries, while the advan- 
tage of cheap and ample water power in a few places has enabled 
an extensive supply to be given at low prices—notably in Lyons, 
Geneva, and Grenoble—the lowest price in any town here tabulated is 
in a British town—Bolton, with its average of r'18d. per unit, heading 
the list, Lyons being second with 1°27d. per unit. ‘There is nothing in 
the electrical work of these foreign towns to justify in any way the 
charges that have been so freely made against us. 

There is one thing I think I ought to say—these depressing charges 
have not originated abroad ; they are entirely of home production. 

At the outset I referred to explanations given of our alleged back- 
wardness. The backwardness does not exist; we are ahead and well 
ahead. I do not wish it to be thought, however, that there are no 
hindrances—legislative or otherwise—to our getting still further ahead. 
But I do wish to say that, in my opinion, there is no more justification 
for the statements about our scientific and technical education being 
behind other countries, than for the statements about the backwardness 
of our electrical engineering. I resent very strongly the disparage. 
ment of the results achieved in this country by the band of teachers, 
eminent over the whole world, who have been responsible for the 
scientific and technical education of the engineers concerned in the 
development of our industry. Technical education should be judged, 
not by the wealth of the equipment of laboratories, but by the 
engineering results achieved in the country. I have tried to show you 
to-night some of those results. 

I cannot refer to this subject of education without at least mention- 
ing the loss of two men—first of Kelvin, who for so long was the head 
of the scientific and technical education of the whole world—and 
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whose interest in practical electrical applications was so keen and so 
fruitful of useful results ; and second, of Ayrton, himself one of Kelvin’s 
pupils, one of the leaders of the eminent band of teachers to whom I 
have just referred. 

I wish to express my thanks to all the engineers—and they are 
many, both here and abroad—who have so kindly supplied me with 
information regarding their work. In some countries it is not the 
custom to publish information such as our law wisely makes com- 
pulsory. I venture to suggest to our brother engineers and to the 
institutions or societies having similar aims to ours, in those countries, 
that they will do a service to electrical engineering by freely ex- 
changing and comparing with others the results of their work. 

I can only hope the facts I have put before you may be the means, 
to some extent, of preventing the repetition of the depressing state- 
ments about British backwardness in electrical engineering. 


APPENDIX A. 
CAPITAL Соѕт. 


The author has been asked to supplement the Tables by giving some par- 
ticulars of capital cost in connection with the lighting and power systems. 
He has therefore pleasure in adding to Tables A, B, and C columns showing 
capital cost per kilowatt installed and per unit sold annually. The figures 
vary very much, and it is difficult to draw any very reliable conclusions from 
this comparison. The capital cost in large British towns per kilowatt varies 
almost as 3 to r, the differences being due to other than engineering causes— 
ég., the prices paid by local authorities for undertakings established by 
companies contain considerable amounts for goodwill, etc. 

The general comparison in Table C shows that in the large British 
towns the capital per kilowatt is about 124 per cent. higher than for 
corresponding German towns. Іп the latter, however, the engineering 
productiveness of the capital is less than іп the British towns, judged by 
the capital per unit sold, the difference being 14 per cent. in favour of the 
British towns. 

In the medium-sized towns the position is reversed, the cost per kilowatt 
being 14 per cent. less than in the German towns, whilst the productiveness 
of the capital is about the same. 

The small German towns have a distinct advantage over the small British 
lowns both in capital per kilowatt and capital per unit sold. 

No figures under this head are available for Berlin. 


APPENDIX B. 


The author has to thank Mr. Perlewitz for enabling him to correct the 
gures for Germany in Table D. Mr. Perlewitz, writing on behalf of the 
Elcktrotechnische Zeitschrift, has pointed out that the statistics of the Vereini- 
png der Electrizitátswerke are incomplete in that they do not include а 
Агре number of the smaller supply stations in Germany, which are given 
in the tables published by the Elektrotechnische Zeitschrift. An examination 
of these tables, however, shows that they include many plants in industrial 
establishments used for other purposes, some of which supply energy to out- 
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side consumers only as a by-product—often 5 per cent. or less of their total 
output. In the introduction to the tables Mr. Perlewitz himself pointed out 
(Electrotechnische Zeitschrift, No. 11, March 12, 1908) that they can hardly be 
considered supply stations in the true sense of the word. It is impossible 
to determine correctly the total kilowatts in such industrial plants which 
should properly be allocated to public supply, but an estimate has been made 
varying according to the class of industrial works in which the plant is 
situated, and the figures given originally in the Address for generating 
plants in German public supply stations should therefore be corrected as 


follows :— 
Average Total 
Kilowatts. Kilowatts. 


241 stations included in the statistics of the 
Vereinigung ... 55 куз к 

786 smaller municipal or company-owned 
stations not included in these statistics ... 208 163,150 

295 small privately owned plants giving 


2,540 612,650 


public supply Pss vel sas iis 40 11,800 
208 industrial plants partly used for public 
supply, the proportion of such public 
supply being estimated at i sie 38 8,000 
795,000 


Table D should therefore be corrected as follows :— 


Watts per 


Kilowatts. Population, Inhabitant 


Great Britain... . - 985,181 45,000,000 218 


Germany " : vus 795,600 63,000,000 I2:6 


The author is aware that there are cases of supply being given in this 
country from private stations to neighbouring premises, but there are no 
means of ascertaining their amount, and he therefore cannot make a 
corresponding addition to the figures for Great Britain. 

Mr. Perlewitz further contends that the figures given should include the 
capacity of accumulators and motor-generators. This is a debateable point, 
but as the English figures do not include them they are excluded from the 
figures given for Germany. There seems no good reason for including 
motor-generators or other forms of transforming devices. 

Mr. Perlewitz has also pointed out that in his opinion a true comparison 
should include plant in private installations, but even if the amount of such 
plant could be ascertained it would not come within the scope of the author's 
present inquiry. In any case there are objections to including itin a com- 
parison of the public supply statistics of the two countries. A large amount 
of private plant follows as a result of an inadequate public supply. It is 
found in this country that where public supply is satisfactory and cheap 
there are few private plants, and that even in electrical manufacturers! works 
separate industrial plants, though modern and well equipped, are being shut 
down and power taken from the public supply mains. 

A further objection to the inclusion of such plants in the statistics lies in 
the fact that owing to the advantages which public supply plants enjoy 
in the diversity factor, the private plant requires a greater number of kilo- 
watts to provide for a given maximum load, whilst if cost—either capital or 
working—is also included in the comparison, the higher cost per kilowatt in 
the (usually small) private plant and the higher cost per unit further уібаќе 
the comparison, 
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APPENDIX C. 
GENEVA. 


The Chief Engineer of the Electrical Department of the town of Geneva 
has been good enongh to send me a very complete set of statistics of the 
industrial services of the town. 

lt is well known that a large water-power station at Chévres supplies 
power to the town. As the State and also the Parish of Plainpalais have 
contributed to the cost of this plant, its accounts are kept separately, and 
power is sold in bulk from the undertaking to the town distribution service 
for which separate accounts are rendered. 

The following Tables give statistics both for the bulk supply from the 
12. Power Station, and for the distribution of light and power in 

е town :— 


OUTPUT ОЕ CHÈVRES WATER-POWER PLANT. 
Millions of Units. 


Street lighting ... m exe she bes 45% 07030 
Lighting and motors—supplied to town network  ... ... 71931 
Tramways ... "T — "TU Vi $us Р ss -52412 
Power supplied to high-tension consumers ... с .. 55325 
Power supplied to electrochemical industries ses ... 188412 

Total ... ... 375116 


. Therunning cost of the water-power and auxiliary steam plant (excluding 
Interest and sinking fund) were 284,733 francs = 0°072d. per unit. 

The capital cost was 12,606,577 francs, and each contributor (State, Geneva, 
and Plainpalais) is credited with 6 per cent. interest, though at present the 
earnings do not amount to this. The Chévres accounts show no sinking 
ius but the town provides 1:2 per cent. per annum as a sinking fund for its 
share, 

Taking 7:2 per cent. for interest and sinking fund = 907,673 francs = 0°23d. 
per unit. 

Total cost price at works thus = 0°3d. 


REVENUE FOR CHEVRES WATER-POWER PLANT. 
Francs. Pence per Unit. 
(a) Energy supplied to the town network ... 490,000 0°65 
(b Tramway energy ... sa а> ... 291,312 0°53 
(c) Water supply—apparently energy sup- 
plied for pumps and included with 


other high-tension motors _... = о 0°22 
(d) Motors on high-tension network ... 110,630 
(е) Energy to electrochemical works ... 131061 0'0665 
(7) Street lighting Vis 55% бна ... 40,126 0°54 
Total sale of energy  ... T" ... 1,083,094 0'275 


DISTRIBUTION FROM TOWN NETWORK. 


ie meters are little used, the units sold can only be arrived at approxi- 
ely :— 
Lighting receipts ... «id bes ... 1,425,434 francs. 

The tarifí by lamp-hours or rentals per lamp-year are estimated to yield 

3 francs per unit — 5:93d. 

Units sold for lighting thus — 2,288,01 5. 

The consumption for power is arrived at by assuming 1,500 units per 
horse-power connected — 2,106,765 units. 

Total units sold = 4395 millions. 

Cost, including purchase of energy and interest and sinking fund, 
1,149,670 francs = 2:494. per unit. 
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REVENUE. 
Francs, Pence per Unit. 
Lighting as above re ies ... 1,425,434 5°93 
Power .. Se ded 4% 230,855 1'04 
Total .. 1,956,289 3°59 


The figures adopted in the general table are composed thus :— 


LIGHTING. 
Millions of Units. 
Energy distributed from network TA ... 27288 
Energy supplied from Chevres for street ‘lighting eat ... 0704 
Total energy used for lighting ... ... 27992 
Francs. 
Revenue from lighting on town network . T ... 1,425,434 
Revenue from street lighting (Chevres accounts) . ewe 40,126 


Total .. 1,465,560 
= 0'49 francs (4°67d.) per unit. 


POWER. 
Millions of Units. 
Energy distributed from town network os 52 —- 2:107 
Energy distributed from high-tension mains... 45% bisa 5°532 
Total ... 7:639 
Francs. 
Revenue for power on town network .. Js © ... 230,855 
Revenue for power (Сһеугев accounts) 45% is ... 110,630 
Revenue from water accounts (Chevres accounts) . ... 10,965 
Total .. 361,450 


= 070473 francs (0°45d.) per unit. 


Colonel R. E. B. Crompton, C.B.: It gives me much pleasure to 
move: “That the best thanks of the Institution be accorded to Mr. 
Mordey, our new President, for his interesting, instructive, and,” may I 
add, “his patriotic Presidential Address, and that, with his permission, 
the Address be printed in the Sournal of the Proceedings of this 
Institution." 

Dr. GisBERT КАРР: I have great pleasure in seconding this proposal. 
May I be permitted to amplify the adjective used by our Past President 
by adding the werd “ scientific." The Address is certainly patriotic, as 
Colonel Crompton has said, but it is also scientific in the sense that it 
contains precise information. It was Kelvin who taught us the 
true meaning of “ scientific." According to him a particular domain of 
human thought can only then be considered a science if its premisses, 
theorems, and conclusions are amenable to exact measurement. Judged 
on this basis, the general accusation levelled by some critics against 
us that we are in a backward condition is certainly not a scientific 
proceeding, nor would it be scientific simply to deny such a proposi- 
tion itr general terms. Our President has dealt with the matter in the 
true scientific spirit by reducing the whole subject to exact measure- 


1908. | MORDEY: INAUGURAL ADDRESS. 23 


ment in the shape of statistical tables. May I be permitted to state 
that the information he gives about Germany in so precise a form has 
not come as a surprise to me after my eleven years’ professional work 
in that country. Germany has, and always had, relatively to population 
less plant than we have, and is using less energy. 

The amount of labour involved in collecting and tabulating so much 
useful information must have been very great, and we all feel grateful 
to the President for having undertaken the task. We have been too 
much in the habit of disparaging our own achievements in electricity, 
and some of us have been too ready to accept the reproach that we are 
backwards as compared to other nations. Mr. Mordey has shown us 
that so far from this being true we are really ahead, and I trust the 
moral encouragement we have received to-night will help us to keep 
ahead. I have much pleasure in seconding the motion which our Past 
President has put before you. 

The PRESIDENT: I thank you, gentlemen, very much for your 
cordial thanks. I assure you this is a load off my mind. I had great 
dificulty in finding a subject which I thought would be practical and 
useful. I am greatly indebted to those who drew my attention to this 
one—with certain aspects of which I have tried to deal. I am sure 
they will be very pleased to find that our country occupies a much 
more favourable position than they thought. I should like before I sit 
down to express my own personal thanks to Mr. Levin and Mr. Haslam, 
who have helped me in the task of collecting, tabulating, and arranging 
all this matter. 

The meeting adjourned at 9.30 p.m. 
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Proceedings of the Four Hundred and Eighty-Third 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
November 26, 1908—Mr. W. М. Morpey, 
President, in the chair. 


Тһе minutes of the Ordinary General Meeting, held on November 19, 
1908, were taken as read, and confirmed. 


The following list of transfers was announced as having been 
approved by the Council :— 


TRANSFERS. 
From the class of Students to that of Associate Members :— 


Herbert Blades. | Edward Carter. 
Ernest Frederick Page. 


Messrs. |. О. Girdlestone and А.Р. Haslam were appointed sorutincers 
of the ballot for the election of new members, and, at the end of the 
meeting, the following were declared to have been duly elected :— 


ELECTIONS. 


As Member. 
William Slingo. 


As Associate Members. 


Frederick John Alsop. Andrew Humphry S. MacCallum. 
James Ormrod Balshaw. John Maxwell Scott Maxwell. 
William Brunton Boyd. Louis Frederic Mountfort. 
Walter Bridges. Henry Villiers Pegg. 


Archibald Sidney Campbell. Jan Roothaan. 
Sam de Beer. Francis Charles Sellens. 


= тм на ë 


1908.] ` ELECTIONS. DONATIONS TO LIBRARY. 25 


As Students. 
Edwin Barlow. Jinsun Kitsen Hwoo. 
W. J. Ivor Casewell. Walter Daniel С. Juritz. 
Arthur Ernest E. Cheal. Charles Mark-Seymour. 


С. У. Krishnaswami Chetty. Nasserwanji Beramjee B. Patel. 
Edric Collingwood Creagh. Walter Ryley. 
Joseph Doust. William Blair Smith. 


Thomas Seabrooke Wallis. 
Henry Orme White. 


George Victor Duffill. 


Donations to the Library were announced as having been received 
since the last meeting from the British Electric Transformer Company, 
Ltd., the Director of the Deutsche Reichs-Postamt, Major W. A. J. 
O'Meara, C.M.G., and the Verein für die bergbaulichen Interessen, to 
whom the thanks of the meeting were duly accorded. 


The following paper was read and discussed :— 
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DOMESTIC ELECTRICITY SUPPLY (INCLUDING 
HEATING AND COOKING) AS AFFECTED BY 
TARIFFS. 


By W. R. CooPER, Member. 


(Paper received September 25, 1908.) 


ARGUMENT. 


I.—Almost all existing tariffs have discouraged the use of electric energy 
for domestic power purposes because they were devised primarily for 
consumers requiring light. The maximum demand system, though excellent 
in theory, is now harmful; and the combination of a flat rate therewith is 
not satisfactory because it involves duplicate wiring. 

II.—The load on any station must consist of a lighting load superimposed 
on a power load, and no tariff will eliminate the pcak due to the former. 
But by encouraging the domestic power load through suitable tarifís the 
lighting peak may become much less important relatively. 

III.—For the purpose of devising tariffs the load may be divided into 
the power load (including some lighting), which is more or less uniform 
for a great part of the day, and the lighting load, consisting of the familiar 
peak. The charges peculiar to this peak load must be met by a yearly 
payment, or special rate, the rate per unit being otherwise small. Con- 
sideration of tariffs based on rateable value, on two-rate meters, and on the 
“wattage” of lamps installed, favour th latter. 

1V.—Taking into account the special circumstances of domestic supply it 
is estimated that the flat rate part of the tariff might be fixed profitably 
at 34. to 1d. per unit for consumers taking energy for lighting. 

V.— Although the prospect of heating houses entirely by electrical energy 
is remote, electric heating must be regarded as a very promising auxiliary 
to other methods. Electric cooking is handicapped by the cost of heating 
water electrically. Its special advantages should, however, ensure its ex- 
tended use as an auxiliary method. 


In glancing over the history of electricity supply, or even at present- 
day statistics, one is struck by the number of different tariffs that have 
been devised to suit jointly the needs of the consumer and the 
supplier. In this respect electricity differs from gas owing to con- 
ditions that unfortunately cannot be eliminated and that are well 
understood. This multiplicity of tariffs is due to two main causes : 
first, because every generating station giving a domestic supply 
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has started with a lighting load, lighting being that use of electricity 


' which appeals more easily to the general public than any other ; and, 


secondly, the desirability, which became apparent later, of supplying 
power at a comparatively cheap rate. The policy pursued with regard 
to lighting has generally been dominated by a desire to reduce the 
peak load, but tariffs for power have been free from this difficulty. 

With tariffs for power pure and simple I do not propose to deal. 
In domestic supply hitherto practically no advantage has been taken 
of electric power (in which term I include electric heating and 
cooking), and indeed the tariffs mostly in vogue have given consumers 
little inducement to use electricity in any other way than for lighting. 
Until the last few years this state of affairs has been, perhaps, in- 
evitable, but with the effect of continued economies in generation 
it appears desirable to reconsider the question of tariffs for household 
consumers. It is the object of the present paper to point out the 
extremely important position that domestic power supply may assume 
if tariffs are so modified as to encourage, instead of hampering, the use 
of electrical energy for domestic power purposes. 


I. ExisTiNG TARIFFS. 


The tariffs at present in use are almost exclusively either flat rate or 
based upon maximum demand. The flat rate is largely in vogue and 
has the one advantage of simplicity. It is perfectly easy for the 
consumer to realise the extent of his account by a glance at the meter, 
and he knows that it makes no difference when or how he uses his 
light, or whether he applies electrical energy to other uses than 
lighting. On the other hand, no consumer on a flat rate tariff, with 
a due regard to finance, will use the supply for electric heating 
or cooking, simply because the flat rate, to be remunerative for 
lighting, must be much too high to induce any consumer to consider 
the problem of electric heating and cooking. An ordinary radiator 
takes from г to 1$ k.w., and thus if the flat rate is 5d., which is а 
common figure, the cost of supplying a single radiator per hour is 5d. 
to 6d., which is quite disproportionate to the heat and comfort 
obtained. 

There is no doubt that the maximum demand system, as introduced 
by Mr. Arthur Wright, was sound in principle. It was formulated 
at a time when lighting alone had to be considered. Mr. Wright, 
following up the suggestions of Dr. John Hopkinson and Sir Alexander 
Kennedy, was the first to take vigorous action against the peak load, 
and to differentiate between the short-hour and the long-hour con. 
sumers. The system is still largely in use, and out of a total of 405 
Stations it is maintained in about 170. Personally I have found it 
a great advantage because I am troubled with a dark basement, but 
if it were not for the latter I should certainly prefer a flat rate in 
my own case. The maximum demand system has been educational, 
warning the consumer to avoid heavy loads and showing him the 
advantage of using his lamps for long hours. Unfortunately, however, 


28 COOPER: DOMESTIC ELECTRICITY SUPPLY [Nov. 26th, 


the average consumer has but an indirect control of his lighting, and 
the turning on and off of lamps lies in domestic hands which know 
nothing of tariffs and care still less for economics. It is to be doubted, 
indeed, whether this system has materially reduced the peak load. 

Similarly, no consumer, with the most alluring tariff, except the 
Continental à forfait system, will use light when he does not require 
it. Consequently the peak remains with all its disadvantages. But 
although the system may not have produced much good for the 
station from the point of view of style of load, it has been a boon 
to those consumers who found it necessary to take a supply for 
long hours; such consumers might have found the ordinary flat rate 
too heavy, and would not have been induced to take a supply but 
for the maximum demand system, so that indirectly the station 
benefited by securing some profitable consumers. 

Nevertheless, the maximum demand system has not been a com- 
plete success for the following reasons : ›(1) Owing to the popular 
difficulty in understanding the system, it has generally been necessary 
to give as an alternative a flat rate, having for its value a figure 
about midway between the limits used for the maximum demand. 
Thus if energy were supplied at 7d. for the first hour and 2d. thereafter 
the flat rate might be, say, 44d. or 5d. The effect of introducing 
such a flat rate was to rob the maximum demand system of much of its 
value, because consumers chose the system that was likely to be the 
cheaper, and the supplier was certain to be left with all the short-hour 
consumers on a comparatively low flat rate. (2) In the light of recent 
progress the limit imposed by a maximum demand has proved to be 
undesirable in domestic supply because it necessarily restricts the use 
of the supply for other purposes. This point is all the more important 
now that metallic filament lamps are coming rapidly into use. Such 
lamps reduce the load and thus also the maximum demand. The 
consumer will, therefore, hesitate more than ever to connect up even 
a 5oo-watt kettle, which alone is equivalent to nearly seventeen 30-watt 
lamps. (3) One great disadvantage of the maximum demand system 
is that it does not discriminate between different times of day. It 
is highly desirable, no doubt, to keep down the load in a house 
during times of peak load at the station, but there is no object in 
imposing a maximum demand at other times of day. In fact, the 
station engineer would welcome such loads, but any progressive 
spirit in the consumer is hampered by the demand indicator. 

It has been sought to remedy, in a measure, these defects by com- 
bining a flat rate for power with a maximum demand tariff for lighting. 
But however excellent such an arrangement may be when it is 
warranted by the character of the load, as in many commercial estab- 
lishments, the introduction of the flat rate for power in domestic 
supply, coupled with the maximum demand system for lighting, has 
been a hopeless solution of the difficulty. The 2d. flat rate for power 
under these conditions is familiar enough, but how many consumers 
have been tempted to put in the duplicate meter and wiring necessary 
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for such a supply? Such a system, even with а 14. rate, is too 
costly and complicated to appeal to the general public. 

The same remarks are true of flat rates pure and simple, where one 
rate applies to light and the other to power. 

In a paper read before this Institution last session, Messrs. H. W. 
Handcock and A. H. Dykes* considered the question of tariffs, and 
suggested a “contract demand” tariff as a general solution of the 
difficulty. However good such a tariff may be for other classes of 
supply, I do not think it can be considered a suitable tariff for 
domestic supply on account of the “contract demand," akin to 
maximum demand, on which it is based. 


II. ESSENTIALS OF A SATISFACTORY TARIFF. 


It will be admitted that the peak load due to lighting will remain. 
No tariff, however ingenious, will eliminate this peak, and, come what 
may, the load curve of a station will consist of a lighting curve super- 
imposed upon a power curve. For the moment, the industrial power 
load does not concern us ; fortunate is the station possessing such a 
load. There are many stations, however, that cannot look forward to 
industrial developments—stations which depend upon lighting alone. 
In such cases the problem is particularly important. Although the 
lighting peak cannot be eliminated, it is worth while to consider whether 
the domestic power load cannot be sufficiently developed to render 
the peak unimportant. If it were possible to superimpose upon the 
ordinary lighting load a more or less uniform power load over 12 hours 
per day with a maximum three to four times that of the lighting, the 
Station engineer would feel very little troubled by the peak load. That 
such a domestic power load, very much more important than that due 
to lighting, is possible under suitable conditions is at once seen when it 
is remembered that a fair-sized house may have, say, 80 30-watt lamps 
with a maximum load of 1:5 k.w.; yet if the consumer switches on a 
single radiator and a teapot, the load due to this apparatus alone is 
more than that of the whole of the lighting. Thus the idea of domestic 
power amounting to three or four times the lighting load is by no means 
extravagant. | 

But in order that such a load shall be cultivated, the tariff, omitting 
the question of price which will be considered later, must have the 
following characteristics :— 


I. It should be simple. 

2. It should permit the use of electrical energy for both lighting 
and power equally. 

3. It should exclude two distinct tariffs with duplicate wiring. 

4. It should be independent of a maximum demand. 

5. It should nevertheless discriminate in some way between the 
lighting and the power load because these loads differ 
essentially in their total cost of supply. 


* Fournal of the Institution of Electrical Engineers, vol. 41, p. 332. 
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III. PosstBLE TARIFFS. 


The simple flat rate affords no solution to the problem, because if 
the rate is fixed sufficiently high for light it is far too high for power, 
and vice versá. Moreover, it provides no distinction between the light 
and power loads, and it is essential that the tariff should apply satis- 
factorily (that is equally) to each of these loads considered separately. 
The relatively heavy capital charges and inefficient production in the 
case of a lighting load cannot be disregarded. 

Fortunately the character of domestic lighting, from house to 
house, does not vary much during times of peak load. One consumer 
may run lamps through the night or have dark passages requiring 
illumination by day, whereas another consumer may use his light 
mercly during the time of heavy load. As far, however, as the capital 
charges connected essentially with lighting are concerned, we need only 
consider the characteristic peak load, any more extended use of the 
light being considered simply as power. The charges peculiar to this 
peak load must be provided by a special yearly payment in some form 
or special rate, the rate per unit being otherwise small and uniform. 

The particular part of the load to which reference is here made 
is indicated in Fig 1, which shows the mid-winter load curve of the 
Richmond (Surrey) generating station. Although there are a number 
of motors connected to the mains of this station, the load is almost a 
purely lighting load, and the curve is doubtless characteristic of lighting 
as distinct from power. It need scarcely be remarked that such a load 
curve is very far from ideal, but it is typical of many undertakings 
where industrial developments cannot be expected. From the point of 
view of tariffs this load may be divided into two parts—the shaded and 
the unshaded parts in Fig. т. Тһе shaded part is what is here termed 
the lighting load and the unshaded part the power load, although part 
of the latter no doubt consists of lighting. 

' We will now consider some tariffs that meet the case. 

Tariffs dependent upon Rateable Value.—The tariff introduced by 
Mr. F. M. Long at Norwich, and recently adopted at Wrexham, affords 
a means of providing for these capital charges. The Norwich Cor- 
poration make an annual charge of 12 per cent. on the net rateable 
value of the consumer's premises and a further charge of 1d. per unit. 
At Wrexham the Council have decided to charge 124 per cent. on the 
rateable value and a flat rate of 13d. per unit, less a discount of $4. 

Mr. Long * has stated that the rateable value of a house at Norwich 
can be taken as a fair measure of the number of units used in the 
house per annum, the consumption amounting to about 7 units per £ of 
assessment. Although this may be so in certain cases, I feel that 
rateable value has too vague a connection with electricity supply 
to be adopted as a general basis of the annual consumption for domestic 
lighting. Rateable value in itself is by no means a constant quantity 
and does not depend merely upon the size of a house. If a house has 


* Journal of the Institution of Electrical Engineers, vol. 4t, p. 353, 1908. 
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a garden attached to it, the assessment is higher than a similar house 
without a garden, yet a taste for gardening should scarcely affect the 
electricity bill. Not only so, but the same size and class of house may 
vary widely in the extent of the wiring, and materially in the candle- 
power of the lamps in use. A charge depending оп the assessment 15 
necessarily hard upon the consumer who puts in a few lamps instead 
of wiring his house complete, or who uses 8-c.p. lamps in preference to 
16-c.p., whereas from the station point of view both consumers may be 
equally desirable. Indeed, such a system may be looked upon as one 
that is distinctly discouraging to economy, or to the use of metal fila- 
ment lamps, because the lump sum being fixed on the basis of carbon 
lamps, metal lamps would merely effect a saving on the small part of 
the charge per unit instead of upon the whole, and the additional cost 
of renewals for metal lamps would scarcely be justified, or might even 
cause a loss. Flats, again, would present some difficulty because 
they are not rated separately, and they often vary very much in size 
іп a single block. Although this system 18 certainly a step іп the 
right direction, I am inclined to think it is not suitable for general 
adoption. 

The idea of an assessment rate brings forward the vision of a 
supply without meters. Apart from the fact that such a method some- 
times acts very unfairly, it becomes more and more impracticable as 
the uses of clectrical energy become more varied. Even the water 
companies decline the use of such a method if water is required for 
power. 

Tariffs based on Two-rate Melers.—Any system independent of the 
maximum load, or of the time of day, offers no deterrent to the growth 
of the peak load. In some cases the peak is a sufficient evil to turn 
one's thoughts to some restrictive method of charging. 

As already remarked, the peak load cannot be conveniently restricted 
by imposing a maximum demand, because this prevents the demand 
being exceeded during other times of day when the load would be 
acceptable. This objection, however, does not apply to the imposition 
of a higher price during certain hours of peak load. For example, 
again referring to the load shown in Fig. 1, if a two-rate meter were 
installed so that all units used between the hours of six and seven in 
the evening were charged at a higher price, then something like 20 per 
cent. of the output of the lighting load between the hours of 4 p.m. and 
II p.m. would be charged at the higher figure. If the higher rate were 
in force between the hours of 5.30 p.m. and 7.30 p.m., this rate would 
apply to about 40 per cent. of the purely lighting load. 

As the year advances these proportions do not hold good. Not only 
does the peak become less, but it occurs very much later in the day, the 
extreme case of a midsummer load being shown in Fig. 2, which also 
refers to Richmond. A higher charge between 5.30 p.m. and 7.30 p.m. 
would probably affect about 30 per cent. of the units in the winter 
quarters and то per cent. in the summer quarters, and this would 
scarcely be enough to give a sufficiently high price on lighting alone. 
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It might therefore be necessary to shift the high-rate time, making 
the later limit 8 p.m., and the early limit 6 p.m., and thus to have, say, 
40 per cent. of the units in the winter quarters and 20 per cent. in the 
summer quarters charged at the higher price. 

The virtue of the system, however, is really its inherent defect. A 
peak load would certainly be discouraged, but consumers could 
scarcely be expected to suspend all heating and cooking operations 
between any particular hours, such as 5:30 p.m. and 7.30 p.m. ; yet if 
the consumer indulged in such operations within those hours he would 
be penalised by the higher price. If there were any sort of fixed ratio 
between heating and lighting this difficulty might be overcome to some 
extent by reducing the high price interval so as to prevent an excessive 
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charge. On the whole, however, it must be admitted that this system, 
sometimes referred to as the Kapp tariff, does not provide a satisfactory 
solution, the more so because it involves the use of two-rate meters, 
which would necessitate further complication and expense in a 
branch of the business where simplicity and cheapness should be the 
characteristics as far as possible. 
Tariffs based on the Lamps Installed.—Another basis for a suitable 
tariff is the equivalent number of 8-c.p. lamps installed. Houses vary 
in their lightness, and therefore in the extent to which lamps are in use 
for long hours, but in private houses there is not much difference per 
8-с.р. lamp, from the supply point of view, between the hours of 
4p.m.and тт p.m. Taking the average house, 50 8-c.p. lamps in one 
house are likely to be used as much as 50 8-c.p. lamps in another house 
VoL. 42, 8 
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between those hours, more particularly if regard is had to the restricted 
definition of the term “lighting load” adopted in the present paper. 
Published figures of consumption per lamp are useless as a basis for 
tariffs because they include all kinds of lighting and also power. 
Possibly то or 12 units per annum per 8-с.р. (30-watt) lamp might be 
taken as an average figure between the ordinary hours of lighting. 
In the case of 5d. per unit being regarded as a fair average charge, 
12 units would mean that the average annual revenue per 8-c.p. lamp 
would be 5. ; and if rd. per unit were taken as the flat rate part of 
the tariff, the annual charge per 8-c.p. lamp would be 4s. If ro units 
were the accepted figure the annual charge would be 3s. 4d. per lamp. 
The sum per lamp varies, of course, with the tariff, and the total 
“wattage” of the lamps would be considered so as to embrace all 
types of lamp; this figure would be divided by 30 to give the equivalent 
number of 8-c.p. 30-watt lamps. 

This system has the advantage that the charge has a definite 
relation to the commodity purchased ; it is easily applied, and differen- 
tiates between the use of 8-c.p. lamps and 16-c.p. lamps, or between 
metal filament lamps and low-efficiency carbon lamps. But there are 
one or two practical difficulties. It will be urged that lamps are liable 
to be changed ; that 8-c.p. lamps may be replaced by 16-c.p. lamps in 
their renewal, and that low candle-power lamps might be wilfully 
replaced by high candle-power lamps after an inspection. Such cases 
would probably be rare. No doubt it would be necessary to make, 
say, a quarterly inspection to note whether the total watt capacity in 
lamps remained the same. This would involve a slight expense to the 
supplier, but the consumer would probably raise no objection to these 
visits if the inspector at the same time were to put right any small 
defects in switches, etc., or were to call attention to flexibles in bad 
condition and requiring renewal, and any other small matters of that 
kind. The gas companies are pursuing the policy of making friendly 
visits upon Шей consumers, and electrical suppliers would probably do 
well to follow similar lines. I understand that this kind of tariff was 
at one time tried at Manchester by the late Dr. John Hopkinson, but 
was abandoned—probably because it was before its time. 

It may be said that a system of this kind discourages extensive 
wiring. Considering the fact, however, that the charge would be the 
same whether the consumer put a 32-c.p. lamp of 120 watts into a 
fitting, or 4 8-c.p. lamps each of 30 watts, the restrictive effect would 
not be felt to any great extent. Possibly it might be desirable to 
consider lamps in lavatories, and other situations where the use would 
be very intermittent, as forming a class to themselves, a reduced 
annual charge being made in such cases. The tariff based on assess- 
ment has the one advantage of simplicity, but a tariff based on lamps 
installed has the further advantage that the consumer benefits if he 
uses high-efficiency lamps, and pays according to his demand. The 
station engineer may retort that high-efficiency lamps do not benefit 
the station. In a sense this may be true, but it must be admitted that 
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in the long run what is satisfactory to the consumer is good for the 
Station. The peak will, no doubt, be lowercd by the use of metal 
filament lamps, but no station engineer will regret the lowering of the 
peak if the consumer can be induced to take energy for other purposes 
at a higher load factor. I do not suggest that such a tariff is ideal, but 
it is often necessary to leave ideals behind and to select the best 
practical compromise under the circumstance. In the present instance 
the ideals have been with us too long. 

Table I. shows how the three tariffs just considered work out 
for a definite case in which a house of £100 net rateable valuc is fitted 
with the equivalent of 72 8-c.p. carbon lamps and takes 1,075 units 


TABLE І. 
Companison of Tariffs. 


Lump Sum or Flat Rate Part 
TIRE Higher Rate. of Tariff. 


£ = od. Áá % d. 
Assessment Tarif} — | 


12 per cent. on net 
tateable value and 
Id. per unit 55% I2 0 O 49 7 


Two-rate Meter Tariff — 
Say 40 per cent. of 
675 units and 20 per 
cent. of 400 units, or 
350 units total at 7d., 
апа 725 at 1d. ... IO 4 2 30 5 


Lamp Schedule Tariff— 
72 lamps at 45., and 
flat rate at д. ... 14 8 o 
72 lamps at 3s., and 
flat rate at id.  ... 10 16 О 


EN 
Oo 
“з 


per annum. The winter quarters together account for 675 units, 
and the summer quarters for доо units. 

Actual amount paid on maximum demand system at 7d. and 2d. 
Was £15 2s. 1d. 


IV. LiMiTS FOR THE FLAT RaTE PART OF THE TARIFF. 


The tariffs under discussion practically consist of, or are equivalent 
to, a lump annual sum for standing charges for lighting, plus a flat rate 
which must provide the running charges for light and power and any 
other legitimate charges in regard to the latter. If electric heating and 
cooking are to be seriously encouraged it is essential that the flat rate 
part of the tariff should be low. It will be generally admitted that 1d. 
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per unit is a limit above which the public cannot be expected to go, 
and it is worth while to consider whether a lower limit may not be 
taken with advantage. 

There are some important differences between domestic power 
supply and the more usual power supply proper, and these differences 
act decidedly in favour of the consumer. The first point to be observed 
is that additional services and meters are not required; these are 
already in existence and it is merely a question of bringing them into 
more extended use. Another point is that any such increased supply 
would not mean any increase in meter reading or the rendering of 
accounts. 

In estimating costs in a case of this kind it is always difficult to 
decide how far one is justified in taking merely the additional cost of 


TABLE II. 


Lower and Upper Limits of Costs per Unit Sold for Domestic Power, 
Generated under Ordinarily Favourable Conditions. 


Lower Limit, | Upper Limit. 
d. d. | | d а. 

Coal — Rs ds 55% ... | 015 0°30 
Oil, waste, water, and stores ... ... | 0°03 0'03 
Wages of workmen  ... id ... | 095 O'IO 
Repairs and maintenance ... ... | OCIO O15 

Working costs  ... Vas 4% 0°33 0:58 
Rent, rates, and taxes ... Ws ... | 0905 O'IO 
Management ... ... 52% ... | 0'05 O'IO 

Total cost of production... as 0°43 0°78 

Interest on capital 45% ies 0°34 0°34 

Total cost ... daa sis 0'77 1:12 


the units involved as a basis for the tariff. Where it is a case of stimu- 
lating a demand the price should certainly be fixed as low as possible, 
even almost to the exclusion of profit, looking to future expansion to 
make the increased demand really profitable. This course has been 
followed in the case of power supply with satisfactory results. If the 
additional units in such a case form only a small proportion of the 
whole output there is no difficulty, but as it is possible that the load 
from domestic power might considerably exceed that from domestic 
lighting, in the case of stations now having practically an exclusively 
lighting load these additional units might in time become the bulk of 
the output. In that case it is, of course, essential that the tariff should 
be quite sound from the financial point of view. 

In Table II. are given estimated costs to the generating station of 
supplying domestic power, the figures on the left-hand side being 


=e - =_= 
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as low as might be expected under very favourable conditions, and 
those on the right considerably higher, corresponding to less favourable 
conditions, it being unlikely that higher figures than these would 
result in ordinary cases. It is assumed that the station is already 
supplying light and that the load factor of domestic power would be 
as high as 25 per cent., which is a reasonable assumption, having re- 
gard to the long hours during which heating is required in the winter. 

The item for coal is estimated on the assumption that additional 
units can be generated for 2} lbs. of coal per unit sold. If the power 
load became the bulk of the output this might be too low a figure, but 
under favourable conditions 0’154. per unit is not too optimistic, 
rising to 0'30d. in less favourable cases, when regard is had to the high 
load factor. Oil, waste, water, and stores form an item which does not 
vary much with the nature of the load, and therefore a somewhat 
ordinary, though good, figure has been put against it. The sum of 
0058. per unit for wages of workmen may seem low, but it must be 
borne in mind that in many cases very little additional labour would 
be required. Repairs and maintenance at ота. per unit cannot be 
considered as unduly low under favourable conditions. Rent, rates, 
and taxes form a most uncontrollable item ; they have been placed at 
o'osd. per unit for the lower limit, and o'1od. for the upper limit, but they 
might very well be less, and they might equally well be more. I think 
this item would generally be less than the figures given, because the 
revenue per unit would be lower than in the case of a purely lighting 
load. The additional cost of management for these power units will 
be small, for reasons already mentioned, and therefore only o'osd. to 
0'104. has been allowed for this item. Thus we arrive at 0'43d. and 
0'78d. as the lower and upper limits respectively of what are usually 
termed “ total costs." 

This cost, which is here termed the * total cost of production," does 
not include any profit, and, therefore, cannot be regarded as giving 
a satisfactory figure for the charge to the consumer. So long as no 
additional plant or mains are required to meet the demand for 
domestic power, this point need not be seriously considered, but 
if further plant is required (as it certainly would be if such a demand 
were stimulated), the question of profit becomes important. For this 
item it is difficult to take definite figures in the general case, but 
in many cases it will, no doubt, be permissible to take £50 per kilowatt 
as the cost of additional generating plant and mains for domestic 
power purposes. Assuming the efficiency of distribution to be only 
8o per cent., and the load factor to be 25 per cent., then 5 per cent. 
on this additional capital outlay will be 0'34d. per unit. А profit of 
5 per cent. can only be regarded as a minimum, but with an increasing 
output this figure might be expected to increase to a more satisfactory 
amount. 

Thus for the “total cost," including interest on capital, we arrive 
at о774. per unit as the lower limit and r'12d. as the upper limit for 
this class of supply. Although jd. per unit as the flat rate part of 
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the tariff would leave a small profit under favourable circumstances, 
it is probable that such a low figure could not be adopted without 
risk. A charge of га. per unit has already been mentioned as ап 
upper limit above which the public are not likely to take up domestic 
power to any serious extent. The intermediate figure of 3d. per unit 
includes a considerable profit, and in many cases I think that this 
low figure might be adopted with advantage for consumers taking 
energy for lighting. 

In arriving at these figures no mention has been made of diversity 
factor. As to what this might eventually become is uncertain ; as an 
approximation at the present time, Mr. J. R. Cravath* concludes, 
as the result of experiments, that the maximum demand of an average 
consumer in the United States of America would be 3 k.w., which 
would be met by r2 k.w. at the station, so that the diversity factor 
would be 24. It does not follow, of course, that such would be the 
case in this country, since the conditions are somewhat different. 


V. THE Economic ASPECT OF ELECTRIC HEATING AND COOKING, 


Electric Healing. —In considering the possibilities of clectric 
heating, one is brought face to face with the inherent thermodynamic 
inefficiency of producing electric energy from coal. With present 
methods of generation electric energy represents only a small 
proportion of the energy in the coal from which it was produced. 
The gas engine provides a means of improving the efficiency, but 
so far, owing to higher capital costs and other causes, there has been 
no material improvement in this respect in large generating stations, 
and no great change is probable in the immediate future. 

Fortunately there is a compensating inefficiency in the use of 
coal in the ordinary household grate. Nevertheless although a large 
proportion of the heat goes up the chimncy, all of this is not lost, 
since part serves to heat the walls of the house and thus also the 
interior ; and the part usefully used in the room is sufficient to render 
the method reasonably cheap, besides imparting a cheerfulness associ- 
ated only with a coal fire. The latter is by no mcans an unimportant 
factor in the eyes of the public, and there is no doubt that in 
comparison with the coal fire the ordinary radiator (of the wire 
pattern) is a dismal appliance. 

A small room of 1,500 to 2,000 cub. ft. can be heated by burning, say, 
] to } cwt. per day of 12 hours, and with coal at 25$. per ton this would 
cost 44d. to 54. per day. If a radiator were used requiring т k.w., which 
is an ordinary figure, the consumption per day would be 12 units 
if kept on continuously at full rate, or 9 units if used at half-rate 
for half the time. From this it is apparent that 1d. per unit is not 
a very encouraging tariff. 

If the heating effect of the radiator and fire were equal in this 
case, it would follow that the grate projected only about Io per cent, 


Electrical World, vol. 50, p. 471. 


1908. ] AS AFFECTED BY TARIFFS. 39 


of the heat into the room. I think it will be generally admitted 
that the average grate is more efficient than this, and thus the 
electric radiator must depend upon other virtues than its efficiency 
if it is to become really popular; and the heating of houses on 
a large scale electrically cannot be expected by this means with 
electric energy at present prices. Fortunately its virtues are sufficient 
to make the radiator popular, at least for auxiliary heating, if the 
charge for energy is reasonably low. The radiator has pre-eminently 
the virtue of cleanliness, which appeals to every housewife, to whom 
the dust from the ashes of a coal fire is a continual trouble. It 
is also extremely portable, which is most important from the point 
of view of comfort, and in this respect it has a great advantage 
over gas. There are such things as portable gas and oil stoves, 
but they have the serious defect that the products of combustion 
are discharged into the room; in the case of gas these are dis- 
agreeable, and even in the case of oil they are not very desirable. 
For auxiliary heating the radiant, or lamp, form of radiator is certainly 
preferable because it has a cheerful appearance when in use, its 
effect is felt at once on switching on, the heat can be directed 
where required, and the heating elements are replaced very easily. 
‚ There is no doubt that such radiators have a large field of usefulness 
before them in small sitting-rooms and bedrooms if electric energy 
is supplied at 1d., ог less, per unit. From the station engineer's point 
of view the load so obtained is desirable because it would probably 
come chiefly at those times of day when the lighting load would not 
be at its highest value. 

The prospect of heating houses entirely by electricity seems some- 
what remote. The only method that appears practicable is to heat 
bodies of water at night, thus forming a kind of thermal storage 
system. Those who have travelled in cold European countries during 
the winter will have noticed the large earthenware stoves there in 
use ; these are often heated in the morning by burning quite a small 
quantity of wood in them, the heat being first absorbed by the stove, 
and given out during the later parts of the day, thus maintaining a 
comfortable temperature at a minimum of cost. Similarly bodies of 
water in different parts of the house might be heated during the 
night, energy being provided at a much lower rate through a two-rate 
meter between, say, midnight and 6 a.m. The householder on a 
winter morning would have the luxury of waking up to a house that 
15 warm, instead of attempting to supply the warmth by imagination. 

There is one little electric heating device that could probably be 
put to much more useful service in this country than at present; I 
refer to the electric flat iron. In America this device has been found 
very useful for arousing the householder's interest in electric heating 
and cooking, and once this interest has been aroused the chance of 
introducing other electrical apparatus is much increased. It should be 
realised that in practically every household a small amount of ironing 
is carried on. The usual flat iron may reach various temperatures, 
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and the average domestic is not renowned for her carefulness, with the 
result that a good deal of irretrievable damage is done through the iron 
being too hot. Consequently the electric flat iron, which is always 
clean and always at the proper temperature, appeals strongly to the 
housewife. This fact is so well recognised in America that in some 
towns electric flat irons are loaned on trial, there being little risk of an 
unsatisfactory result. Thus in the discussion at the Convention of the 
Colorado Light, Power, and Railway Association last year on “ Central 
Station Power Problems" a case was cited in which r17 irons were 
placed on loan, and 92 of these were sold as the result of the trial. 
Mr. J. F. Vail mentioned that his Company had loaned r,200 flat irons, 
and at the end of two years 800 of them were owned by the consumers. 
In Denver, 3,000 irons were introduced in a single summer, and at 
Pueblo the revenue per iron was found to be 24s. per annum. At first 
sight a flat iron scems a device too small to trouble about, but if they 
came into general use the revenue so derived would be considerable, 
and they have the very great advantage that they provide an essentially 
daylight load. 

Electric Cooking.—In seeking information on the economic aspect of 
electric cooking from the consumer's point of view, one is struck with 
the great apathy of those chiefly concerned. The maker of apparatus 
for electric cooking will tell the inquirer to the tenth part of a penny, 
or even more closely, how much it will cost him to cook a chop or a 
leg of mutton ; or if he is particularly cautious he will give the cost of 
boiling a pint of water with energy at 1d. per unit, suggesting that the 
consumer should pay £1 for a copper kettle, or perhaps £10 for an 
electric oven. The average publicity department of an electricity 
undertaking will give similar information. The inquiring houscholder 
may be somewhat impressed, particularly with the cost of the apparatus, 
but he will depart without the information he desired for the simple 
reason that he does not already know how much it costs him to cook a 
leg of mutton, or even to boil a pint of water, by coal or gas. What he 
does know is that his bill for coal or gas is so much per annum, and 
what he would like to know is how the cost of electric cooking for 
household purposes would compare with that of coal or gas, not 
merely in cooking a single joint, but over a lengthy period. This 
information, neither the manufacturers nor the electricity undertakings 
have been progressive enough to obtain. The householder knows that 
for light cooking gas is cheaper than coal. That is the extent of 
his knowledge ; he knows nothing of electricity, and he is not going to 
buy expensive electric cooking apparatus without having a fair idea 
of whether electric cooking, in actual practice, not on show trials, is 
likely to be more or less expensive than the average kitchen range. 
If electric cooking is to be fostered, time and money must be spent in 
obtaining information of this kind (and it will not be ill-spent) instead 
of leaving the consumer to find out for himself if he cares to take the 
trouble. The latter is the easy way, but it is not progressive business. 

The most cursory examination of a kitchen range reveals the fact 
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that it is a most inefficient piece of apparatus. It might almost be 
said that cooking is a by-product of wasted heat. The kitchen 
chimney is always recognisable on the upper floors by its comforting 
warmth, and the efficiency of the range is generally brought to a 
minimum by the manipulation of the cook herself. 

Notwithstanding the poorness of the result from the efficiency point 
of view, the usual kitchen range has the one virtue that it supplies hot 
water, whether wanted or not, practically as a by-product of the 
cooking operations, without further expense. A hot-water system is 
now a recognised necessity in every house ; a good supply of hot water 
is essential, but unfortunately this introduces in an electrical equipment 
a great difficulty, which may render the serious application of electric 
cooking almost impossible in the majority of cases. 

I am not aware of any data as to the quantity of hot water required 
per person in private houses, and I therefore made some rough 
measurements for my own information. In the particular case chosen 
the household consists of eight persons, and measurements extending 
over a couple of days showed that about 125 gallons of hot water were 
required per day. The average temperature, unless the pipe system is 
quite short, is, of course, far below the boiling-point. By tying ther- 
mometers on to the flow and return mains near the hot-water tank, a 
fair idea of the temperature was obtained. Water from a tap on the 
flow main showed that the water was at a temperature of about 6? F, 
higher than the pipe. Adding this to the mean temperature of the two 
pipes, it appears that the mean temperature during the day-time was 
about 125° F. Taking the initial temperature of the water as 45? F., 
then it was raised through 80° F. During the night, of course, there is 
only cooling, and much heat is lost, as well as during the day-time, so that 
the heat imparted to a tank is a good deal more than the equivalent of 
this temperature. 

If the electric heating of water were attempted the present circu- 
lating systems would no doubt be abandoned. These systems work 
well at present because the question of economy need not be taken 
into account, but from the thermal point of view the efficiency is poor 
in the extreme. The hot-water tank is placed at the top of the house, 
is connected to the boiler by a couple of pipes, generally uncovered 
and following a more or less circuitous route, so that heat is plentifully 
dissipated, and taps are necessarily often supplied through long lengths 
of pipe so that a good deal of water is run to waste when hot water is 
desired. If electric heating were adopted most of this pipe-work 
would be eliminated, each floor being fitted with a tank to suit its 
requirements, and current being automatically supplied to and cut off 
from each tank as the temperature fell or rose to certain limits. The 
heat insulation would be excellent, the general efficiency would be 
much improved, and there would be the great advantage that hot 
water would be always available, night or day. 

But unfortunately the amount of heat required is large. "Thus, in 
the case just mentioned, 125 gallons raised through 80° F. require 
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100,000 B.Th.U., and neglecting loss from radiation, this is equal to 
29 k.w.-hours. Even at the low price of 4d. per unit, this comes to 
15. 244. per day, which is quite prohibitive, considering that the 
complete cooking by coal in this particular case, including the heating 
of water, requires опе ton per month, and thus costs 944. per day with 
coal at 23s. 6d. per ton. 

There is a further difficulty in heating water on a large scale, 
namely, the heavy current that is necessary. Asan example it may be 
mentioned that if 3 k.w. are dissipated in 20 gallons of water, an hour 
or more will be required to raise the temperature through 50° F. 
This result does not compare favourably with heating by gas. If 
more rapid heating is desired the load becomes still greater, and 
trouble would be experienced with the services and wiring if so much 
energy were required for such a subsidiary operation. 

We must therefore conclude that electrical methods are inadmis- 
sible for cooking as a whole unless separate coal-fired plant is installed 
for the water system. Such plant would be economical, and it is quite 
possible that this method will come into favour ; also that flats will be 
supplied with hot water from a central service, as in America. In that 
case the prospects of electric cooking would be much improved. 
Meanwhile, however, it seems that electrical methods will be used as 
an auxiliary rather than as a main agent, somewhat in the same way as 
gas, which likewise suffers through the hot-water difficulty. In com- 
petition with this rival, although perhaps not so cheap, electric cooking 
has some marked advantages which should be borne in mind. Briefly 
these are as follows: (1) Cleanliness and less cleaning, since there is no 
soot. (2) Ease in working owing to ease of regulation. (3) Better 
quality of cooking owing to greater certainty of results, and in certain 
operations, such as grilling, better than gas because of freedom from 
any taint; this is not an imaginary advantage, but is vouched for by 
those best competent to judge. (4) Very little smell. (5) Coolness, 
thus rendering the method very advantageous in summer. (6) Great 
adaptability, so that cooking need not be restricted to the kitchen. It 
is not suggested that the operations should be transferred to the dining- 
room, but it is an advantage to be able to boil a kettle and have a hot 
plate in a room without the smell of the usual methylated spirit. In 
small households it might be a great convenience to do even more than 
this on the breakfast-table, and this advantage would be much appre- 
ciated. It will be noticed that these advantages belong essentially to 
electric cooking to the exclusion of its competitors, and they afford a 
strong basis on which to work. 

When we come to the important question of the relative cost of 
electric cooking we find that very little information is available. Ргас- 
tically nothing on this subject appears to have been done in this 
country. In America more keenness has been shown. At the Thomas 
S. Clarkson Memorial School of Technology, U.S.A., Miss C. D. Seaver * 
carried out comparative tests by cooking a series of whole meals, con- 


* The Electrician, vol. 58, p. 529, 1907. The Clarkson Bulletin, October, 1906. 
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sisting of a breakfast, luncheon, and dinner, the cooking being carried 
out with apparatus or ranges for electricity, coal, gas, gasoline, and 
kerosene, but it is difficult to judge the accuracy of the results, or 
whether they would apply to ordinary practice. The electrical appa- 
ratus consisted of a 6-in. stove with three heats, a 20-in. x 18-in. oven 
with three heats, a 9-in. X 12-in. broiler, a quart kettle, and a 2-quart 
stewpan. The comparative results are given in Table III. 

Mr. J. R. Cravath * kept careful records of electric cooking in his 
hoine at Chicago during one month. Hot water for washing and 
general domestic purposes was supplied otherwise. The number of 
persons varied considerably, the average number per * regular meal" 
being 39. The number of units per "regular meal" was 1:52. Тһе 
number of units for 30 days was 137. There were go “ regular meals” 


TABLE III. 
Comparative Costs of Cooking. 
(Miss C. D. Seaver.) 


| Source of Heat. Electricity. Coal. | Gas. Gasoline. Kerosene. 


| Amount of energy or fuel | 
required for given ope- ; | 1'032 k.w.-hr. | 10:5 lbs. | 20 cub. ft. |00832gal.| 0078 gal. 
i ... ... ) 


ration — | 
i 24. per k.w.- | 285. рег 4s.perr.000, 74d. рег 
| Assumed price... n | һг. ton. cub. ft. gal. | 7d. per gal. 
| Cost of cooking ... тез 2:064d. 834. 4. оба. 0' 55d. 


- 


in the month, and a total of 118, including both “regular” and 
"irregular." The total number of dishes in 30 days was 288. The 
consumption during the first six days, when there was greater regu- 
larity, was 4:06 units per day. The maximum cooking demand was 
28 amperes, as compared with 2 to 44 amperes for lighting. The 
average gas bill (over 8 months) for this family, before electric cooking 
was adopted, was $2.33 (9s. 8d.) per month, with gas at 85 cents 
(3s. 64d.) per thousand ; for 16 months previous to this it was $3.12 
(135), with gas at 4s. 2d. per thousand. Some years ago cooking for 
thisfamily with a coal range required a ton of coal at $7.50 (31s. 3d.) per 
month. The conclusion is stated that if the price of electricity is more 
than 144. per unit it is more expensive than gas at 4s. 24. The load 
diagrams in Fig. 3, obtained by a recording instrument during the 
month referred to, are of interest as showing the variation of the load 
from day to day, and they indicate that a good diversity factor may be 
expected from electric cooking. This would certainly be the case, 


Electrical World, vol. 49, p. 432, 1907. 
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even more than appears from these diagrams, if the class of house 
supplied varied to any great extent. 

Мг. Е. Н. Callahan * (U.S.A.) has also published records extending 
over a year. During this time the number of ‘person meals” was 
3,035, the watt-hours per person per meal were 264, and the consump- 
tion for the year was 803 units. 

At the Convention of the Canadian Electrical Association last year, 
and again at the Convention of the National Electric Light Association, 
the opinion was expressed that the consumption per person per meal 
may be safely taken at 300 watt-hours, and this figure is borne out by 
the records mentioned above. 
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Ес. 3.—Graphic Records of Load due to Electric Cooking, by J. В. Cravath. 


I understand that the General Electric Company have found experi- 
mentally the cost of cooking a good plain dinner for cight persons 
electrically to be 44 units. This is at a higher rate than the 300 watt- 
hours per person just mentioned, but a dinner would obviously require 
more than the average daily figure. 

Messrs. Isenthal & Co. have kindly supplied me with the figures in 
Table IV., as the result of comparative experiments on the cost of 
electric cooking for three persons carried out in Switzerland over a 
period of three months. 

The cost of cooking with paraffin oil for the same household averaged 
3'ad. per day (1$ quarts of oil), thus showing an advantage in favour of 
electricity. For a larger number of persons the cost would not, of 
course, be proportionately heavy. 


* Electrical World, vol. 49, p. 710, and vol, 5o, p. 655, 1907. 
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It need scarcely be remarked that comparative tests are necessarily 
only approximate, because it is impossible to maintain uniform condi- 
tions, either as to dishes cooked or manipulation. But they are 
nevertheless of value as giving a rough figure for comparative cost. 

We thus get some idea of the consumption, and can now arrive 
approximately at a suitable price from the consumer's point of view. 
Returning to the case of a household of eight persons to which 
reference has already been made, the consumption per meal would be 
274 units, or, assuming three meals per day, 72 units per day; or 
allowing for contingencies, say 8 units per day, which is probably on 
the high side for eight persons. This consumption, which does not 
provide hot water for general purposes, must be compared with the 
cost previously mentioned of cooking with coal, including the heating 
of water, at a cost of 94d. per day. It is thus apparent that a charge of 
Id. per unit will permit electric cooking to be adopted to a considerable 
extent in competition with coal, though a lower charge would certainly 


TABLE IV. 
Consumption (Units). Cost per Day 
with Energy 
at 1d. per 
For One Month. Per Day. Unit 
March 22—April 22, 1901 67:04 2724 27244. 
Мау 1—May 31, 1901 ... 63°55 2°19 2'19d. 
June 1—June 30, 190. ... 66°31 2°21 27214. 


be desirable, more particularly with gas in the field. Possibly electgicity 
at 1d. might be taken as being equivalent to gas at 3s. 

In considering a low tariff for cooking it is sometimes objected that 
the cooking load may be large at times of the peak lighting load. But 
with a suitable tariff, as already stated, this point may be disregarded, 
because the cooking load will extend over other parts of the day; 
moreover, such a load 15 likely to be heavier in summer than in winter, 
which is distinctly advantageous to the supplier. 

Considering the ease with which electric energy is converted into 
heat, it is a little curious that the apparatus for electric heating and 
cooking should be so expensive. This high first cost is certainly 
retarding development ; but, on the other hand, cheap apparatus, if 
inferior, is still more harmful. A bad effect has also been produced at 
times by placing unsuitable apparatus on the market. Manufacturers 
would do well to retain the services of an experienced cook rather than 
to gain experience at the expense of their customers. Thus only harm 
can be done by selling grills which burn the meat instead of grilling it 
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and give rise to objectionable smell; or toasters which convert bread 
into pudding instead of toast. One such unsuitable piece of apparatus 
(and they are common enough) is sufficient to make a prospective 
customer condemn the whole system. A somewhat high figure for 
maintenance is also a difficulty at the present time, though doubtless 
this will diminish with time. А 

The idea is prevalent that a great deal of new apparatus is neces- 
sary in order to give electric cooking a trial, and that existing apparatus 
must be given up. The gencral public should be educated to the fact 
that the electric hot plate is available, can be placed anywhere, and can 
be used for heating any of the usual kitchen utensils. This fact will 
appeal to the ordinary householder, who has no wish to scrap all his 
saucepans and kettles. Its ећсіепсу may not be so high, but that is 
not the only consideration. Moreover, the hot plate will be all right 
with current on, whether cooking or not, whereas, if current is left on a 
dry electric saucepan or electric kettle, damage will result unless a 
special fuse is provided. It is by supplying the cheaper and smaller 
appliances that the thin end of the wedge is best introduced. 

In regard to efficiency, Mr. C. H. Archer, of the General Electric 
Company, has kindly placed the following experimental results at my 
disposal. The efficiency of a self-contained heater vessel for boiling 
water varies from 87 to 92 per cent. If a hot plate, or separate heater, 
is used the efficiency is generally much reduced, the extent of the re- 
duction depending on the state of the surface of the vessel and the 
goodness of the contact between the vessel and the hot plate. Thus 
if the bottom of the vessel is practically perfectly flat, and it is clamped 
to the hot plate, the efficiency is 92 per cent. of the above, or the result- 
ing efficiency is 844 per cent. But if the vessel is merely placed on the 
hot plate the efficiency may drop down to 35 per cent. of the 92 per 
cent. first mentioned, or a resulting efficiency of only 32 per cent. 
The film of air between the vessel and the hot plate, due to imperfect 
contact, has therefore a very marked effect. The state of the radiating 
surface of a vessel also affects the result. Thus the efficiency of a 
nickel-plated polished vessel is higher than that of a similar polished 
and lacquered copper vessel to the extent of 24 per cent. 

Suppliers of electricity would do well to hire out the simpler forms 
of apparatus for both heating and cooking more generally than at 
present, on the lines of the gas companies, for it must not be forgotten 
that successful apparatus is the best possible advertisement of the 
supplier, and will in many cases lead to further trial. The use of 
electrical domestic apparatus of all kinds is certain to extend largely 
in the near futurc. 

A ficld that is more easily attacked than the private house is the 
hotel or the restaurant. Hotels are beginning to realise that electric 
cooking has passed the experimental stage. A large grill taking 3 k.w. 
per compartment is in use at the Waldorf Astoria Hotel in New York, 
London hotels also have the question under consideration. Restaurants 
and public-houses are finding the advantage of the clectric grill, partly 
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because of the convenience and good results, and partly because it 
interests the customer. An electric grill and other apparatus 15 at 
present being used experimentally by the James Fleming Restaurants 
in London with satisfactory results, and plant for cooking 15 also being 
given a trial at one of Messrs. Slater’s restaurants, at Messrs. D. H. 
Evans & Co., and elsewhere. Mr. Fleming has carried out a short test 
(3 hours) between his electric grill and a gas grill of about the same 
size, and he has kindly supplied me with the following approximate 
figures. The electric grill consumed fully 3 units, and the gas grill 
required 75 cub. ft. of раз; thus with electricity at 144. and gas at 2s. 10d., 
the electric grill cost about 34d. as compared with 24d. for the gas 
grill. With a 1d. rate, which is more usual, the figures would be 
roughly as 3d. to 24d. The time taken to cook a chop with either grill 
was the same, but Mr. Fleming is inclined to think that, were both the 


grills worked at their full capacity, the better distribution of heat in the 


electric grill would give it some advantage over gas. 


CONCLUSIONS. 


As the result of considering the question from these different points 
of view, I desire to put forward the following conclusions :— 

I. The use of any tariff involving a maximum demand, or duplicate 
wiring, is inherently adverse to the use of electric power for domestic 
purposes. 

2. A simple flat rate is inadmissible. 

3. The tariff should require payment of a fixed sum per annum, 
based on the total “wattage” of the lamps installed plus a low payment 
per unit used. 

4. The latter payment should not exceed 1d. per unit, and may 
frequently be, say, 44., owing to the special circumstances of the case. 

5. Such a tariff would greatly encourage electric heating as an 
auxiliary to other methods. 

6. Although electric cooking cannot be expected to displace cooking 
by coal, it should take an important position, equal or superior to that 
of gas cooking at the present time, if the price per unit does not 
exceed id. 

7. The load factor of stations supplying only a lighting load would 
be materially improved. 

8. The load so obtainable is highly important to stations at present 
dependent almost exclusively on lighting, and should reccive very 
careful attention at the present time as affording an antidote to any 
diminution of the output due to the use of metallic filament lamps, and 
to possible legislation as to the greater utilisation of daylight. 

In regard to such developments, it may not be out of place, in 
conclusion, to urge the desirability of using cable for house wiring 
sufficiently heavy to permit the use of radiators, without exceeding 
normal current densities. Perhaps an equally important point is the 
doubtful desirability of prompting consumers to use 25-volt lamps, 


Mr. Sparks. 
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because such a pressure precludes all possibility of using heating and 
cooking devices unless special wiring is put in for the purpose, and no 
consumer can be expected to do this merely to try the experiment of a 
radiator or an electric kettle. 

I desire to express my thanks to Mr. H. B. Renwick, General 
Manager and Secretary of the Richmond (Surrey) Electric Light and ` 
Power Company, for kindly placing the curves shown in Figs. 1 and 2 
at my disposal. 


DISCUSSION 


Mr. C. P. Sparks: I should like to say a few words on this question 
of tariffs. The author has alluded to the maximum demand system, and 
has pointed out that this system is in use in 170 out of 405 districts, or 
40 per cent. I think those figures are misleading, as the system is only 
in partial use, and investigation would show that the preponderance of 
the flat-rate system is very much greater than indicated. What has given 
rise to the great change from the maximum demand system to the flat 
rate? The necessity of mecting the consumer, to secure an expansion 
of our business. Reference to the output and growth of business in 
English electrical engineering undertakings will show there has been, 
and is, a very substantial increase year by year. I am not an advocate 
of the maximum demand system, and I should like to say a word with 
regard to the other tariff suggestions which have been made. I am 
quite in accord with the author's remarks with regard to the second 
suggestion—namely, two-rate meters—but the summary at the com- 
mencement of the paper misses out the present system—namely, the use 
of two meters and two circuits, one for lighting and one for heating. 
The author points out the importance of the heating load for the future, 
estimating that it may probably grow to the extent of four times the 
lighting load ; and he points out the absolute necessity of only charging 
the consumer slightly more than what is usually deemed the running 
cost. He proposes to eliminate that part of the charge usually made 
in proportion to the maximum demand for standing charges. The 
suggestion is that we should count the lamps and make a fixed charge 
based on “ wattage” of lamps only plus a small charge per unit used for 
all purposes. Systems of that kind have been tried, and difficulty has 
been experienced in the annual or quarterly inspection. Consider- 
able time, and therefore cost is incurred, in making such inspections, 
and as no householder likes to have the servants of a public 
body or a company going into his premises and making examinations - 
of this kind, I am quite sure that any such system is impracticable. 
As to the present method, it is alluded to in the paper in the 
following terms: “The 2d. flat rate for power under these conditions 
is familiar enough ; but how many consumers have been tempted to 
put in the duplicate meter and wiring necessary for such a supply ?" 
While the 2d. rate is known, inquiry will show that in many districts a 
much lower rate than the 2d. rate is in force for this class of business. 
In my opinion the slow growth of this heating business is not so much 
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due to the rate charged or the tariff, but to the apparatus. Looking 
back a few years to the question of power supply, the principal diffi- 
culty experienced was that of obtaining motors at a reasonable cost, a 
motor as a rule costing more than the gas engine or other prime mover 
replaced. Prices have now fallen, and an enormous power business 
is being developed. Now with electric cooking we probably all have 
some idea as to the cost of an ordinary saucepan, but when we take an 
electric saucepan or kettle the heavy capital outlay which has to be 
made, either by the supply authority or the consumer, is really the 
drawback. I much regret to see in the paper the very low efficiency 
of what I had hoped would prove a solution—namely, the hot plate or 
separate heater. If we could have found a separate method of heating 
requiring a small investment in what I may call the prime hcater, 
allowing all the ordinary culinary appliances to be used, then I believe 
we should be able to go forward ; but I regret to see we can only look, 
under normal circumstances, for an efficiency of the hot plate of 32 per 
cent. To solve this problem we must all give our attention to reducing 
the capital outlay on the apparatus. The tariff is not the difficulty. 
The separate meter and wiring is not nearly such a difficult matter 
as suggested, as the existing wiring used for lighting is seldom of 
suitable section for heating purposes, and in my opinion a duplicate 
meter is a better solution than the tariff put forward in this paper. 

Mr. A. M. TAYLOR (communicaled) : On page 29 the author says: 
" [t will be admitted that the peak load due to lighting will remain." 
May I be permitted to point out that, as far as the station is concerned, 
there is no excuse whatever for a station to continue struggling under 
the burden of a peak such as shown in Fig. 1 of the paper? Without 
knowing the lay-out of the feeders I cannot say whether the same 
remark would not apply to them also ; but as regards the station, at any 
rate, I feel confident in saying that, had the Richmond Company a 
couple of years ago laid down accumulators on suitable lines instead 
of additional engines and boilers, the capital outlay on the station plant 
would not have been more than 60 to 70 per cent. of what it now must 
Ье; and probably the outlay on feeders and mains would have been 
reduced in nearly the same proportion ; while the charge to the con- 
sumer would probably have Бсеп reduced by r5 to 25 per cent. over 
what ‘it now is. These remarks would apply to the large majority 
of provincial towns, and would cover moderate fogs. With excessive 
fogs there would still be a saving ; but of course of less amount. 

With the use of accumulators the necessity for any annual fixed 
charge to the consumer would in large measure disappear, and in some 
cases the happy ideal might be reached of a common flat rate both for 
light and power. 

With reference to the author's Table П., I am sorry to have to 
disagree with his figures, which are in my opinion altogether too 
optimistic. 

I think that those who have given greatest attention to the question 
of the cost of the ‘‘ additional” units will be most ready to agree 
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that the full realisation of the theoretical gains is only to be had 
practically in those cases where the additional units generated just 
suffice to bring the plant load factor (strictly speaking, the “ Kennedy " 
load factor) up to 100 per cent. Directly this limit is exceeded, fresh 
engines and boilers have to be started up, and the expenses go up. 
In other words, the only class of load which enables these economies 
to be fully realised is a load that is absolutely under the control of 
the station, and is adjustable at the discretion of the engineer. Such 
a load is provided by a battery which can either be charged or dis- 
charged at will, and is in fact merely a “ make-up ” load. 

The left-hand column of the autbor's Table II. would hold in such a 
case, and might be even bettered ; but without accumulators I feel 
confident that the right-hand column might with much more safety 
(except perhaps as regards the coal item) be called the * lower " limit. 

I also regret that I cannot agrce with the author that 25 per cent. is 
at all a likely load factor for a domestic power load; nor that £so 
per kilowatt of maximum demand (not of plant capacity) is a likely 
cost for generating plant and mains for a residential power load, unless 
in a large town, or unless the cost of mains and services is debited 
to the lighting. About £80 is nearer the mark. If the author will 
analyse the costs for the nine towns outside of London having highest 
load factors, he will, I think, find all these criticisms borne out. 

Mr. J. F. C. SNELL: May I say with Mr. Sparks that I believe a 
simple tariff system is the thing we have to aim at, and a simple system 
of wiring, and also that simplicity in the design of the auxiliary 
cooking and heating apparatus is a thing to be desired? I agree with 
him that it is not so much the question of the tariff at the present 
moment as the first cost of the apparatus itself. The things which 
strike one particularly about this class of apparatus, compared, for 
instance, with the equivalent apparatus made by the gas people, is the 
less simplicity of design (I do not know that that need be an inherent 
part of an electrical cooker or heater), and the apparent flimsiness of 
the electrical apparatus compared with the gas apparatus. I am quite 
sure that the ingenuity of engineers can overcome that, and will over- 
come it. There seems to have been a lamentable lack of attention 
to this subject, as if engineers, as I think the author said, looked 
upon the question of heating and cooking as beneath their dignity. 
Why to-day it represents very largely the greater proportion of 
gas output, and surely electrical people can devise apparatus which 
may be used practically for both cooking and heating. In Table II. 
the author gives certain costs with which I am afraid I cannot 
agree. I notice that he omits a very important item. He includes 
interest on capital, but he does not make any provision for redemption 
of the capital itself, and in fixing a tariff one must take the whole costs 
of production into account. I think also that his item for rates and 
taxes, certainly for the county of London, is taken on far too low a basis. 
To base a tariff upon running costs alone is simply heading straight for 
destruction, A great mistake is made (except in a very few exceptional 
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instances) in trying to sell energy for power purposes at what one may 
call the by-product price. One must in fixing a sound and proper 
tariff take into consideration the whole costs of production, with, of 
course, a proper allowance for the various diversity factors and the 
different classes of load. I hope the heresy of attempting to base 
charges for heating and power, or for heating and cooking, upon 
running costs alone will not be entertained by members of this 
Institution. 

Мг. Н. W. Hanpcock: I regret to find a remark on page 29 from 
which I must differ to a certain extent. That remark is that the contract 
demand system is unsuited for domestic supply. Possibly in arriving at 
that conclusion the author had in his mind a far-distant day when elec- 
trical appliances will be universal. But, in the meantime, it seems to me 
we must treat whatever rate we make for heating as a rate which is to 
include not only by-product costs, but preparation costs as well. At the 
present moment, if we are running out a flat rate for a consumer, what 
do we do mentally? Weconsider what amount of preparation costs we 
must set aside for him, and also what the length of the load 15 likely to be 
that he is going to give us, and on that we frame the flat rate. Under 
those circumstances it is a little bit quicker and more effectual to take 
at once the contract demand system, the sole object of which is to 
charge the consumer in proportion to the actual amount that he has 
cost the station. I quite admit, however, that one cannot make any 
hard and fast rule, that there is no one tariff which is good for every 
district. 

Then, again, there is another point. If the maximum load due to 
heating is going to be greater than the load due to lighting, surely in 
that case the charge made to the consumer should be based on the 
heating and not on the lighting load. In other words, whichever of 
the two may be the greater, on that the standing charge should be 
based. As a matter of fact we have to express some disappointment 
with the results that have accrued from heating. It is very tempting, 
it is very convenient’; but at the same time it is far too dear at the 
present moment as regards initial outlay. 

While on this subject may I draw attention to some rather valuable 
work which is being done by Mr. Wilkinson at Harrogate? In that 
particular case he is making arrangements by which the consumers 
may instal any number of lamps that they elect. He simply says to 
them, * How many lamps do you wish to have оп at once?” Once 
that is settled a fixed charge is stated, which includes as much 
current as ever they like to use within the limits. There are no 
meters installed; in other words, the whole thing depends on the 
contract demand of that particular consumer. Going on a step 
further, if we are to push the supply of electrical energy for domestic 
purposes іп the most promising field, it is іп the field where the con- 
sumer either cannot or will not pay for his own wiring : that means to 
say, free wiring has to be part of our scheme. Once that is done we 
are increasing still further the ratio between running costs and costs 
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due to interest and depreciation. Finally we come to a point when it 
really does not matter very much, as long as the consumer is restricted 
to the hours of darkness, whether he burns his lamps long hours or 
short hours. Following on those lines we have evolved a system, 
which is coming into use at Egham ; it is very promising, and may be 
briefly stated as follows: We say to the consumer, “ We give you а 
supply from dusk to dawn; we wire your premises ; we charge you a 


fixed sum per annum; we put in no meters. All you have to do is to . 


supply the lamps.” We find on going carefully into the matter that 
we can name such a sum as will leave a very handsome return indeed 
to the electrical undertaking, and still enable the consumer to get his 
light at a figure considerably below the present cost of gas. 

Mr. E. W. Cowan: I feel myself. unable to accept the view 
put forward by the author and by many other engineers, that the 
the price of electricity supply should be fixed as rigidly as possible 
according to the cost of production. I am of opinion that the price 
charged for electricity should be fixed according to its value—by 
“value” I mean its commercial value. I might define the word “ value" 
as bcing that rclation between the desire of the consumer to possess a 
supply of electricity on the one hand, and the cost of the production to 
the producer on the other—that relation between those two factors at 
which business will result. I know there is a great weight of authority 


against this view and in favour of the view of charging strictly accord-. 


ing to the cost of production. Mr. Snell in his valuable paper last 
session very strongly maintained that this method was the correct one. 
Messrs. Handcock and Dykes, in a paper, they read later on in 
the session, showed that they were extremists in this respect. They 
hold that to charge upon any other basis than the cost of production 
is “Шоріса!” and “inherently absurd." -I believe the great body of 
engineers hold that view, and, naturally, I feel considerable diffidence 
in questioning a view which is the outcome of the collective wisdom 
of so many of my brother engineers. At the same time, I feel that 
this is rather a question of fact than of opinion. I am either right 
or wrong in the matter—if I am wrong, I would ask, Why is it that in 
other commercial operations price is a measure of value? Does a 
shipowner calculate the cost of a certain voyage, and then divide 
the result by the cubic contents of his holds or the displacement of 
his ship, and charge a freight of so much per cubic foot, or so much 
per ton? We know that he does nothing of the kind. He cannot 
afford to ignore the question of the value of the services he renders, 
and in consequence he charges a freight which takes that element into 
consideration. Wanting a rate for a port in Africa this week, I called 
at a shipping agent's and asked them if they could give me a rate 
for a packing case of certain dimensions and of a certain weight, 
and they asked me at once, what did the packing case contain? I 
replied, “Cannot you give me a rate simply on its measurement and 
weight" ? and they said the rate they would quote would depend 
*absolutely " upon the contents of the case. It is the same with 
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railway companies. Why have I to pay 50 per cent. more for a case Mr. Cowan. 
of brass castings from Manchester to London than I have to pay for 
a case of iron castings of the same dimensions and weight? I take 
it that those who hold the view on this subject which I have referred to 
to-night must, to be consistent, regard this practice as the taxing of 
some consigners of goods for the benefit of others, and that an undue 
preference is given. I think the answer to the above questions is, that 
under that principle the largest profit can be made for the producer, 
and the best and greatest advantage secured for the consumer. Let 
us apply this principle to the supply of electricity and see how it works 
out. The first step to take is to investigate the question from the 
consumer's point of view. In order to do that we must remember 
that one man wants light, another man wants power, and another man 
wants heat. The price that they are willing to pay 15 the price that 
competing forms of light, heat, and power are charged to them—that 
is the price, or a somewhat better price, which will induce them to 
do business, taking into consideration, of course, the convenience, 
advantage, or other valuable qualities that light, heat, and power in 
the form of electricity might provide them with. The fact that 
light, heat, and power come to them in the form of electricity is quite 
incidental, and has really nothing to do with the question. They 
do not want electricity, they want light, heat, or power. The second 
step to take is to refer these provisional prices to the question of cost 
of production, and at this stage the load factor, the diversity factor, and 
so on, must be taken into consideration. We now have before us these 
two elements, and from a consideration of both of them, and not of one 
of them, the tariff should be determined. I am not going into the 
question of the exact character of the tariff, but it should be so fixed 
that the maximum of business at the best price will be secured. I 
think—and this is where I come into collision with Mr. Snell and 
the other engincers to whom I have referred—that in considering this 
any question of equity can be entirely disregarded as between one 
class of consumer and another. Of course, if consumers of light are 
being supplied under the same circumstances, they must be charged 
the same price, otherwise business is interfered with. But in the case 
of two different classes of consumer, one for light and the other for 
power, it has nothing whatever to do with the question, I consider, from 
an ethical point of view, whether one is charged, with reference to the 
cost of production, a lower price than the other. , One must be very 
careful, of course, in fixing such a tariff $y saf guard. thc future, other- 
wise the course of the output may be. such that, as Mr. Sneil has 
pointed out, we may be selling electricity ‘which is not a b у-р‹ oduct at 
a by-product price, which will ultimately end in financial disaster, ' It 
is also imperative to be careful so to fiame tariffs and to administer 
them that low-priced units do not displace high-priced units, or only to 
a small extent. 

In conclusion, what I advocate is, that this problem should be 
looked upon as a collective problem, and not as an aggregate of in- 
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dividual problems. I advocate that, because I think that if we frame 
our policy according to a study of this question in the mass, we shall 
arrive at better commercial results from the point of view of both the 
consumer and the producer. 

Colonel R. E. B. CROMPTON : It is difficult to follow the author and 
other speakers this evening without knowing whether they are con- 
sidering tariffs possible under existing enactments or ideal tariffs. И 
there were no Parliamentary enactments, no Board of Trade, no 
County Council or other authority to deal with, it might be useful to 
discuss these tariff matters from the ideal point of view, and our Insti- 
tution might, by discussion, discover such an ideal tariff and take steps 
to encourage its adoption ; but there is not much chance that the state 
of muddle and misunderstanding that invariably arises when electrical 
questions, including tariffs, are discussed by any of the above ruling 
bodies will quickly come to an end. It is therefore more profitable to 
consider the possible and legal modifications of existing tariffs as fixed 
by enactment; we know pretty well how far we can go. By the 
wisdom of our forefathers 8d. a unit was in most cases fixed as a 
maximum charge, and we are told that, whatever our ideal tariff may 
be, we must not make such a charge that the total electricity supplied 
during one quarter of the year will work out at a higher figure than 
8d. per unit; that is to say, if we consider the case of a rich man who 
has a residence in the West End and only uses it far a short period in 
the London season, and during that time gives a few parties, so that 
every lamp in his house is required to be lighted simultaneously, we 
find that even if we charge the permissible maximum of 8d. per unit, 
his total annual bill for electricity will fall very far short of the 12 per 
cent. on the rateable value which has been introduced by the Norwich 
authorities. It would be interesting to know how they get round the 
Board of Trade in this matter. 

We must agree with the author and disagree with Mr. Sparks on 
the question whether double wiring is a solution of the problem. 
Certainly wherever, as is usually the case in the West End of London, 
it is necessary to employ two meters and double wiring to allow the 
consumer to obtain the advantages of low-priced electricity for heating 
and power, the objection that the householder has to having his walls 
and floors interfered with and his decorations damaged by the intro- 
duction of a second system of wiring, has been a chief cause why the 
consumers have not. availed themselves of electrical heating to any 
cotisiderable exfent: “I. believe the difficulty can be best met under 
existing conditions by ‘working out a two-tariff meter system, charging 
8d: fer short periods bf maximum demand, varying with the season of 
the year, ‘and ds lew 2 price А5 possible for the all-day and all-night 
demand for heating and power purposes. 

I am not one of those who are pessimistic as to the future of elec- 
trical heating. Ido not know if it has been noticed that the heating 
of a small room by electric radiators is comfortable and pleasant out 
of all proportion to the actual heat given off. Its comfortable effect is 
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due to the radiated heat, which is cheerful and pleasant. There is no 
doubt the effect is greatly a mental one, that when a radiator is put 
into a sick-room a patient feels much more comfortable and more 
cheerful at a temperature of 50° Fahr. than he would with a gas fire at 
a temperature in excess of this, say at 65° or 70°, so that in actual prac- 
tice we find that whenever electric radiators can be put into bedrooms, 
or in the smaller class of rooms where this radiating effect comes in, 
that they are popular, and that their use is likely to extend, and this is 
allin favour of a means of utilising the single wiring which everywhere 
exists. 

As regards the proportion of the hours for the two tariffs, I have 
been for some time attempting to settle this for myself. I admit it is a 
difficult matter, but not insurmountable. 

Whilst on the heating question, I should like to give one of the 
reasons why electrical heating devices, particularly those used for 
heating liquids, have fallen into disfavour. It is on account of the 
liability of kettles or saucepans to boil dry. The electrical circuits 
thus become overheated and the insulation destroyed, and this is 
always likely to be the case until automatic devices to prevent such 
overheating are introduced into the apparatus. 

I think the author has left out a valuable use of electricity which 
has always been present in my mind—that is, the artificial production of 
cold in our meat, game, and fruit storerooms to obtain the advantages 
of cold storage ; the energy could be utilised for this at periods of 
minimum load. More would be used in summer than in winter, which 
is an advantage. All that it would require is the simplification and 
cheapening of the apparatus required. That already in the market is 
too complicated and costly. It is obvious there is a great field for such 
apparatus in India. 

Мг. W. К. RawLiNGS: I was gratified to learn from Colonel 
Crompton that he favours a flat rate, because in Kensington—the 
district in which I carry on my business—there are three different 
rates whereby one may take a supply so far as the Kensington and 
Knightsbridge Company is concerned, namely, one for heating and 
cooking, one for the domestic quarters and basement, and another for 
the general house lighting—and this last is subject to rebates. If we 
could get rid of this quadruple method of charging in favour of a single 
flat rate, Iam sure that increased business would result to all concerned. 
Dealing with the paper, I shall confine my remarks to page 34. The 
author suggests that 45. per annum per lamp of 30 watts should be 
charged plus а certain rate per unit. Then he says, “ This system has 
the advantage that the charge has a definite relation to the commodity 
purchased ; it is easily applied." Suppose one has two customers, опе 
of whom has thirty lamps, aud who uses nearly all—as, for instance, a 
boarding house. The second consumer—an ordinary dwelling house 
—may have one hundred lamps installed, and uses, at the most, 
thirty lamps. With these examples I fail to see how the author 
can claim that it is a definite relation to the commodity purchased. 
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The author goes on to say, “But there are one or two practical 
difficulties,’ and it is with these I wish to deal. Мг. Sparks has 
already referred to one where the author says, “Мо doubt it would 
be necessary to make, say, a quarterly inspection to note whether 
the total watt capacity in lamps remains the same.” I do not know 
whether Mr. Cooper has ever tried to obtain access to a West End 
house for the purpose of examining the lamps. I can imagine (each 
quarter) the meter reader going round to examine the whole of the 
lamps to see whether they are of the wattage that is supposed to 
be installed. How would he manage with lamps inside pines and 
those which are stowed away in cornices reflecting on to the ceilings ? 


If he went to this Institution Library, how would he find out the 


candle-power of the lamps in the bowls? Of course it is a simple 
matter to take a twenty-rung ladder with him so that he can run up and 
look inside fittings where three or four hundred lamps are installed. I 
have had some experience in this direction, having a large number of 
maintenance orders to attend to. We make quarterly inspections, and 
it generally takes about three days to get round the house. I think the 
author will readily see that he has brought forward a difficult problem 
in suggesting a quarterly inspection of lamps. I have a bone to pick 
with the author when he suggests that the inspector should adjust 
switches. That is my business, sir, not the inspector’s. He also 
suggests that the inspector should call attention to frayed wires. I do 
not mind if he stops at calling attention, but probably he would go a 
little further than that. In the same paragraph we read, “I understand 
that this kind of tariff was at one time tried at Manchester by the late 
Dr. John Hopkinson but was abandoned—probably because it was 
before its time.” I think that is the case with this, sir. Following this 
the author says, “It may be said that a system of this kind discourages 
extensive wiring." Of course it would. What would happen if the 
public had it properly brought to their notice—as they probably never 
will—that for every 8-c.p. lamp installed they would have to pay a 
penalty of 4s. per annum? I would undertake to say that 5o per cent. 
of the lights installed in West End houses are in excess of the number 
required for lighting. They are put in more for the consumer's con- 
venience than necessity. We advocate the use of a large number of 
plugs to comply with the insurance company's requirements that long 
lengths of flexible wire shall not be used. We say, “ Put a cluster of 
five lamps in the middle, because when you have a party you will want 
them." Of course incidentally we get a little work in the process! 
And * Put a pair of brackets at the fireplace. When you do not want 
the lights in the centre you can use those at the fireplace." But if the 
consumer is told that he would have to pay a penalty of 4s. per annum 
for each lamp installed he would say, “ No, thanks, I will not have any 
at the fireplace. I will stick in a piece of flexible and carry it across to 
а standard.” The use of flexible wires would be increased and the 
number of points installed in a house reduced, which would certainly 
affect the contractor and every one else engaged in the industry. 
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Lights іп cupboards, lobbies, and such places аге а most desirable load 
for the supply company, as they are used during the daytime ; but I 
will undertake to say that if consumers have to pay 4s. per annum for 
those lamps they will do without them. I said to one consumer who 
has four or five lamps fixed in a cellar, “If you had to pay 4s. per 
annum for these cellar lights what would you do?" “Take them ош,” 
he replied, “апа I would put a candle at the top of the stairs” ; so 
that instead of benefiting our own business the author would be 
benefiting the candlemakers. I am quite certain that for the next six 
months, if this system came into force, we should have a very busy 
time taking out lamps, and afterwards some of us would have to look 
out for another business. Lastly, Mr. Cooper says, “А tariff based оп 
lamps installed has the further advantage that the consumer benefits if 
he uses high-efficiency lamps, and pays according to his demand.” И 
I understand the paper aright, it is not a question of the consumer's 
demand; it is what the supply company says he shall have. If, as 
suggested by Mr. Sparks, the consumer may demand what he wants 
for his requirements, then I have nothing to say in the matter ; but so 
surely as a tax is put on every lamp fixed a great deal of injury will be 
caused to contractors, supply companies, and manufacturers alike. 

Mr. A. P. TRoTTER: I was not present at the discussions on 
previous papers upon this subject, but after reading them I came here 
to-night because I felt sure that thé Board of Trade would be dragged 
in somehow. On previous occasions it has seemed to be the opinion 
that the Board of Trade was hindering new tariffs. Anything that I 
say about the Board of Trade is, you know, only my own opinion ; I do 
not necessarily hold the same opinion to-morrow morning. I have 
looked into the question, and I am not aware that there is any legal 
hindrance whatever. The Norwich system seems to be an admirable 
system, and I am glad to see it carried out. It is perfectly legal, so far 
as I know, to charge a man per annum on the basis of the amount of 
his income tax divided by the square root of the number of his waistcoat 
buttons. There are two provisos—it must not exceed 8d. per unit, 
and it must not be refused to any one else who comes to ask for it 
on the same terms. With those two provisos I am not aware there is 
anything illegal in such a tariff. I have nothing further to add except 
this remark. I believe that Mr. Cowan's views on value are quite 
correct, and that the price of a thing is what it will fetch. 

Mr. F. A. WILKINSON : At St. Marylebone we have always recog- 
nised the truth of the contention that the future of electricity supply 
in a district mainly residential lies in development of the domestic 
power load, and for two years we have bcen actively pushing this class 
of business. At the outset it was found that prejudice was very hard 
to overcome ; but recent results in the direction of heating have been 
most encouraging, and there appears no doubt that the next two or 
three years will witness considerable extension in the use of radiators. 
We make a practice where required of lending these to consumers for 
a few days free of charge, and this year, of the many we have put out 
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in this way, we have not had one returned. In 2} years the number of 
radiators connected has risen from 281 to approximately 600, and we 
can see very many more ahead. The special circuit difficulty has, of 
course, been experienced, but it has now been very effectively met by 
the use of plug submeters rented at rs. per quarter. Despite the fact 
that our pressure of supply has been changed from 100 to 240 volts, 
and that therefore the majority of the wiring in the borough is ample 
in copper, we have met with several cases where a radiator or cooking 
range would have overloaded the wiring, and this certainly consti- 
tutes a great difficulty, which it is beyond the power of tariffs to 
remedy. 

As regards cooking, results are not so satisfactory, and this appears 
to be attributable to the high cost of apparatus, prejudice (principally 
of servants), and the entire ignorance of the average consumer in the 
very elements of the subject. It will clearly be necessary to do a vast 
amount of educational work before anything like good progress is 
made, and in this, as Mr. Cooper says, we are handicapped by the 
meagreness of comparative data of cost. It has been our experience 
that manufacturers of electrical, gas, and coal cooking apparatus cannot 
supply and substantiate any definite practical figures, and the chefs of 
various restaurants that we have approached appear to have only the 
haziest of ideas on the subject of costs. It is in consequence of this 
that wherever possible we are instituting comparative tests under 
practical conditions, but we find it by no means an easy task to 
persuade suitable firms or persons to allow us to experiment. Mr. 
Fleming, of Fleming's Restaurants, Ltd., very kindly gave us every 
possible assistance, with results that Mr. Cooper has mentioned. The 
grill used in this test has in many ways been brought to special notice, 
and the reliable comparison the test affords should be of value. There 
is no doubt that Mr. Fleming is correct in saying that at full capacity 
the electric grill would be cheaper than gas, and from an intimate 
practical knowledge of it I have no hesitation in saying that such a 
grill split up into a number of sections instead of only two would, at 
Id. per unit, be cheaper than the gas grill against which it was tested. 

Electric ovens, as comparatively large consumers of current, are of 
particular interest, and the following details of a test carried out for 
two weeks under practical conditions in a large restaurant will perhaps 
be useful. 

When working at its full capacity, so far as we have been able to 
ascertain, the cost at 1d. per unit is certainly not above that of gas. 
The nearest comparison we were able to make was with a large and 
efficient gas oven of first-class manufacture. This consumed 400 cub. ft. 
of gas per hour, at a cost of 1s. 2d.,and had a capacity of 500 Ibs. of meat. 
Taking the capacity of the electric oven at 80 lbs. the cost of cooking 
is practically the same. 

We have lent out a considerable amount of cooking apparatus free 
on trial, and are continuing to do so,as we recognise that this is at 
present the best means of popularising it. In all but a few cases we 
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have met with opposition from chefs and cooks, and this constitutes 
one of our chief difficulties. 

Mr. Cooper rightly lays emphasis upon the bad impression that 
inefficient or unsuitable cooking apparatus produces. I have found 
this borne out in several cases, and a bad impression is most difficult 
to eradicate. Manufacturers are, of course, well aware of this, and 
there is no doubt they are improving their goods every day ; still, there 
are one or two points in the average piece of apparatus to which, as a 
user, I may perhaps be allowed to draw attention. Taking ovens, in 
the majority on the market the loss of heat by radiation is very large 


ELECTRIC COOKING. 


Results obtained with Large Electric Ovens in Actual Practice. 


А ; Units Units | Cost at 
' Test. се Weight. pos to Con- | per Lb. | id. per Remarks. 
ga: sumed. lof Meat| Unit. 


Lbs Hrs. Mins s. d 
A Meat 410 4 10 8 0:195 8 
B Meat 480 6 о 13 0:271 I I 
C Meat (Pork) 435 5 30 II 0'252 II | reu 
D Meat 415 4 о 9 0216 9 | onu 
E Meat 370 5 0 9 0.281 9 
Е Ж ды à 4ro 5 30 9 07219 9 
Meat ап " . 
G Ta puddings | 220 4 0 8 о363 8 
eat and | 
H | 2 puddings | 499 4 3 9 0:300 9 
I Meat 770 7 о 14 ой I 2 
l Meat 530 6 20 II 0'207 II 
Meat 870 7 30 14 0161 I 2 
L Meat 410 6 0 10 0243 IO 
M Meat 380 5 о 9 0:237 9 
N Meat 555 7 40 13 0:222 I I 
о Meat 405 4 о II 0271 11 


Average units per lb. = 0'216. 
Average cost per lb. = o0'216d. 


and the usual lagging arrangements are entirely inadequate. Con- 
sumers object to this radiated heat, and in some cases in our experience 
it has been sufficient to turn the scale against us. A first-class gas 
oven isin this direction far ahead of most, if not all, of its clectrical 
competitors. Bad heat distribution in the oven is another point upon 
which we have received complaints, and inaccessibility and neglect of 
small details which enhance convenience have also been mentioned. In 
many similar directions there is distinctly room for improvements that 
will cheapen and encourage electric cooking. We must, however, bear 
in mind that the same may be said of gas and coal apparatus, which in 
many instances is obviously capable of great improvement, and there 
appears every likelihood that the cost of gas cooking would be 
materially reduced by means of more efhcient apparatus were there 
any real competition. 
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The fireless cooker, so popular in Sweden, has never been exploited 
in this country. An American writer states that the cost of electric 
cooking may be reduced 50 per cent. by means of this principle; 
surely it is worth while to investigate it. 

With regard to the future of electric cooking, beyond the question 
of tariff, it seems to me that the amount of publicity necessary for a 
quick realisation of our aims cannot adequately be attained on the 
usual lines of each supply authority, contractor, and manufacturer 
acting independently, and in. too many cases not acting at all. To 
popularise electric cooking in a reasonable time some concentrated 
effort calculated to awaken all classes to its possibilities and give it the 
widest publicity is necessary, and this, for very obvious monetary and 
other reasons, can only be attained by some comprehensive form of 
co-operation. 

Mr. J. HORACE BOWDEN (communicated): It is somewhat difficult 
to follow Mr. Cooper's arguments, as on several points he appears to 
make contradictory statements. 


1. “А simple flat rate is inadmissible,” yet a flat rate is proposed 
for all purposes of domestic supply other than lighting. 

2. * Maximum demand system, excellent in theory, is now harm- 
ful" ; yet a charge for the highest possible demand—that is, 
the capacity of each lamp installed—is suggested. 

3. “Electric power” includes * heating and cooking." 

4. The simple flat rate affords no solution to the problem, because 
if the rate is fixed too high for light it is far too low for 
power, and vice versa. 


The most important omission appears to be the non-application of 
the diversity factor to domestic supply. 

The author has based his argument on the usual error made by 
certain undertakings in regard to industrial power supply. Having 
built up a load principally for lighting purposes, it is assumed that the 
additional cost only should be charged to power consumers, or, in 
other words, power should be treated as a by-product. The false 
basis of this system is only felt when the power load begins to 
dominate the lighting load, and the profit of the latter is overwhelmed 
by the loss on the former class of supply. This system is more de- 
fensible when applied to industrial power than to domestic supply, 
because, in the first case, the lighting peak is not superimposed upon 
the power load, but, by overlapping at a certain scason of the year 
when power is dropping and lighting is rising, the maximum demand 
is created usually about 4.40 p.m., so that standing charges due to each 
class, if supplied separately, are divided when the supply is combined. 

In the case of domestic supply there is no reason why we should 
not anticipate lighting, heating, cooking, and power all demanded at 
one time, therefore why the author should differentiate between any 
component part of the domestic supply peak appears to me to be 
incomprehensible. 
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Personally, I think no useful purpose is served by discussing any 
paper dealing with systems of charging that is not applicable to all 
undertakings. If the principle of equity is adhered to it should apply 
equally to private and public lighting, industrial power, traction, and 
domestic supply, or, in other words, the universal use of electrical 
energy. In the search after the true system of charging (which has not 
yet been propounded) it should be borne in mind that— 


I. Each consumer should pay a fair share of the standing charges 
entailed by the maximum demand upon the central station. 

2. That each unit of energy supplied should be charged at a rate 
commensurate with the running cost of production. 

3. That each consumer should be allocated to a class, tke 
standing charge to be governed by the diversity factor of 
each class. 

4. That it is immaterial to the undertaking for what purpose 
energy is used. 

5. That each consumer should have the full benefit of the load 
factor of his individual supply. 


The principle of “what is lost on the swings is gained on the 
roundabouts” has hitherto controlled electricity supply. This may be 
all right when the swings and roundabouts are patronised in equal 
proportions; but when the losses on the swings prepondcrate, it is time 
to look round for a more equitable system of charging. To use the 
hackneyed phrase, “with the advent of the metallic filament lamp” 
this time has now arrived, and the roundabouts, otherwise electric 
lighting, are gradually becoming less remunerative, which even an 
extended use will never recover. The loss on the swings, otherwise 
power supply, is becoming more accentuated with the diminution of 
the lighting load. 

I venture to state that in a very short space of time every under- 
taking in the country will be compelled to revise its system of charging 
to such an extent that will entail a revision of the Electric Lighting 
. Acts, and that it should be incumbent upon this Institution to use its 
best endeavours to promulgate a system that would be applicable 


to all undertakings, and would satisfy the requirements of the Board of ' 


Trade. 

The recent papers read by Messrs. Snell, Handcock and Dykes, and 
now by Mr. Cooper, and the adoption of experimental systems such as 
at Norwich and Harrogate, all tend to show that a change in our 
system of charging is not only desirable but absolutely necessary, and 
if the said papers and changes of system have served no other purpose 
than to indicate this necessity of reform, their effect as precursors 
to an ideal system will render this work and time spent thereon of 
material use. 

Mr. Н. Соосн (communicated): Mr. Cooper in his conclusions says 
that “The tariff should require payment on a fixed sum per annum 
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based on the total ‘wattage’ of the lamps installed, plus a low payment 
per unit used." 

The following is a suggestion as to how this idea might be carried 
out so as to result in a tariff which would encourage the type of con- 
sumer that a central station requires, and would avoid separate wiring 
systems for heating, lighting, power, etc. The latter portion of this 
tariff (price per unit used) can be easily fixed according to the cost of 
production at the central station, and, as Mr. Cooper says, ought not to 
exceed 3d. to 1d. per unit for all consumers. The former portion, how- 
ever*(annual sum per “ wattage” installed) should be a price varying 
according to the class of consumer, and it is with the fixing of this that 
I now make my suggestion. 

It is quite impossible to fix a “wattage” tariff which would be 
absolutely fair to every consumer. The consumers, however, can be 
divided into classes, so that all consumers in each class make use of 
their electricity in practically the same manner. For instance, the 
majority of tradesmen keep their shops lighted for about the same 
number of hours per annum, and take a maximum supply during the 
central station's winter peak. In this way a number of classes of 
consumers could be formed, and a definite “wattage” charge fixed 
(estimated) for each class. Having divided the consumers into the 
different classes, the next thing to do is to fix the “wattage” tariff 
for each class. This should be fixed so that the aggregate will bring 
in an income to the supply company which will cover their interest on 
capital outlay and depreciation. 

There are two factors which should govern the proportion of 
“wattage” tariff paid by each class of consumer. (a) The load taken 
by this class during the highest peak load at the central station. 
(b) The total units consumed by this class during the year. 

As the tariff is to be fixed on the “wattage” installed we must 
represent a as— 


total load during station's highest peak __ I 
total wattage installed diversity factor’ 


The capital expended by a supply company is the amount that will 
provide machinery, mains, etc., capable of supplying the consumers 
over the highest winter peak, therefore the amount that a consumer 
pays towards interest on this capital should be in proportion to the 
load he takes during the winter peak. "This taken by itself, however, 
would not be fair, because one class of consumer will call on his part of 
the generating plant (that portion installed to supply his load during 
the central station peak) for a longer time per annum than another. We 
must therefore take into account the second factor (6), which can be 
represented by— 


total units possible __ I 
total units used load factor’ 
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The * total units possible " being the amount which could be generated 
if the plant (installed to do this class of consumers' load during the 
central station peak) was running continuously all the year round. 
It will be noticed that if a consumer has a peak load at some time 
different from the central station peak, then his tariff is not affected by 
this peak. 

The * wattage" tariff for each class of consumer should be in the 
proportion— 
р I I 
a X 0 = diversity factor Х load factor 

The interest on capital can be put down as a definite sum per annum 
per kilowatt of maximum peak load. This sum should be payable by 
the various classes of consumers in the proportion— 


I I 
diversity factor ^ load factor’ 


It ought to be fairly easy to estimate this proportion for the various 
classes of consumer. If some such tariff as the above was in use a 
private house consumer could try electric radiators and heating devices 
without going to the expense of a separate wiring system and mceter. 
Cooking, ironing, bedroom heating, and bedroom lighting are very 
seldom used during the central station's winter peak, and the factor 
(a) total load during highest peak 
| total wattage installed 

total units possible 
о. total units used 
that factor a for this class of consumption is very low ought to bring its 
proportion of “ wattage” charge down to, or even lower than that paid 
for motive power. 

Cooking during the daytime and bedroom heating at night, if 
encouraged by a low and convenient tariff, would be a great boon to 
central stations. 

Мг. А. Н. SEABROOK (communicated) : There is no doubt that metal 
lamps have caused many small lighting consumers to be absolutely 
unremunerative to the supply authority ; in fact,a large number have so 
decreased their consumption that the revenue from them does not cover 
the capital charges on the service and meter. 

I have endeavoured to make up the decrease by (as some people 
describe it) thrusting upon these consumers every device that exists for 
consuming current in the way of irons, kettles, fans, pipe-lighters, etc., 
all apparatus which can, without undue cost to the consumer, be run 
from the existing wiring by means of adaptors and at the lighting 
charge per unit. 

We have recently doubled the canvassers’ commissions on the sale 
of this class of article. The result has been a considerable increase in 
revenue, but not nearly a sufficient increase. 


, would be very low indeed, whilst 


, would not be very high. The fact 
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West Ham is not a residential district, but consists mainly of factories, 
shops, and a very large number of poor dwelling houses. We have 
been able, however, to dispose of about seventy irons apart from other 
apparatus. In this connection the enterprise of the British Thomson- 
Houston Company, in sending out quantities of irons, sale or return, 
is greatly to be commended ; we supply people would welcome a 
little more of it. I do not suppose the company have lost anything by 
it; on the other hand, I should say they have greatly increased their 
sales of irons. We have not, however, touched the main point, and 
still retain our price of 2d. per unit for domestic power, which we 
are fully aware is uscless for stimulating a really serious demand. 

It is solely for want of a suitable tariff. The objections to the 
“Long” tariff (and Mr. Long deserves great credit for so boldly 
tackling the problem) are much as the author has put them. Mr. Long 
may give us the benefit of his experience is a few months which may 
show that we are wrong. I fervently hope we are. I believe, 
however, that Mr. Long is getting very near the solution. I have not 
enough faith in any tariff at present to put it into force, but at the 
moment I am in favour of a fixed charge per kilowatt for all lighting, 
plus, say, 34. per unit, and for heating and cooking apparatus a fixed 
charge per quarter, to include hire payment in advance, for each 
apparatus or class of apparatus depending upon its maximum demand, 
plus 3d. per unit. 

This avoids separate wiring, which, undoubtedly, is a great 
hindrance: one meter is sufficient, a demand indicator will be de- 
sirable for the information of the supply authority, and perhaps some 
supply managers will not be averse to a scheme to put off the evil day 
of writing off their stock of indicators. 

The tariff almost compels hiring, because the supply authority must 
have control of the maximum demand of the apparatus used, and must 
frequently inspect to find out what apparatus is installed. 

There is not likely to be more objection to the inspection than 
there is to the water companies’ and local authorities’ inspections. We 
are getting so accustomed now to being inspected that one more here 
or there will not make much difference, especially if consumers are 
going to get cheap heating and cooking. 

I am afraid that for a very long time the maximum demand must be 
the governing factor in all charges. All flat rates are based on maxi- 
mum demand and diversity factor, and variations in flat rates are made 
according to the maximum demand and diversity of the consumers, and 
the use to which they put their current. They are grouped in classes 
and charged upon a flat rate, instead of each consumer having his 
maximum demand individually ascertained. and his charge made 
accordingly ; for instance, no supply authority with a flat rate of rd. per 
unit for power would charge a man using power six hours a day the 
same price that they would charge a man using power for twenty-four 
hours a day. Anyway, if they tried they would find that they would 
not get it. The people on a 14. flat rate are usually short-hour power 
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users, say up to eight hours per day ; longer hour users are in another 
class, but because they are generally people in a big way of business it 
is customary for them to enter into a special contract. 

It appears to me that we are not giving up the maximum demand 
system but grouping classes of consumers having similar requirements 
and conditions on flat rates; but the factors governing the price are 
load and diversity factors, and I do not see that we are able to avoid it, 
and I think, with all respect, that the author goes a little far when he 
condemns the maximum demand system. 

Мг. W. B. EssoN (communicated) : 1 have read Mr. Cooper's paper 
with interest and am quite in agreement with him as to the character- 
istics required to constitute a satisfactory tariff. A great deal has been 
written on this subject, and nearly seven years ago I proposed to meet 
the capital charges by a rate which should be levied on the annual 
value of dwellings. Now that Mr. F. M. Long has put into practice at 
Norwich this old suggestion, it is being regarded apparently as some- 
thing quite new, while, as is usual, its origin is attributed to the wrong 
source. The article in which my views were put forward, and which 
caused considerable discussion at the time, was published in the 
Electrician for January 3, 1902, and constituted a criticism of Mr. 
Arthur Wright’s paper which had been read at the Institution a week 
or two previously. I went farther than Mr. Long, inasmuch as 
considering that the mains laid down by a municipality are for the 
benefit of all the dwellers on the route, I remarked that all the houses 
in the streets in which mains were laid should be rated to cover the 
fixed charges. This is the only right method of charging, viewed from 
the municipal standpoint, though it cannot unfortunately, as the law 
stands at present, be applied. 

Let us suppose that a corporation has got a Provisional Order and 
proceeds to lay down plant and mains—that is to say, to “ get ready” 
to supply electric energy іп its compulsory area. Say the work 15 
finished and the supply commenced, why should only those who use 
light contribute to the standing charges? Is it not a project under- 
taken for the public good? Is not the public responsible? Has not 
the cost of getting ready to supply been incurred on behalf of every 
ratepayer in the compulsory area, and ought not, therefore, every rate- 
payer to contribute? Though one does not want to walk on the 
sea-front promenade one has to pay rates towards its maintenance. 
Though one does not use the public library, nor the public baths, nor 
the public wash-houses, one has to contribute to the rates in respect 
thereof. Why not pay, then, for having brought to one’s door the 
means of obtaining pure artificial light and cheap power? 

It comes to this, that the standing charges should be met by a 
general rate levied on all ratepayers in the area of supply, while the 
production charges should be met Бу а flat rate for current supplied. 
The objection may be raised that no satisfactory basis can be found 
for the general rate, but only a moment's reflection will show that this 
is a mistake. All municipal rating is done on a house rental basis, 
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‘including supply of water, when the latter happens to be a municipal 


undertaking. In many cases the contribution of one section of the 
ratepayers is out of all proportion excessive in respect of the advantages 
derived ; but as regards an electric rate, I think the rental basis would 
prove a very fair one. The lamps and apparatus fixed is a measure of 
the benefit the ratepayer derives, the rental of the house or shop is a 
fair indication of the lamps and apparatus fixed, and as the demand he 
makes upon the generating station is nearly proportional to these, an 
electric rate to cover general charges based upon rental value is about 
as fair a thing as can be imagined. As the object is to rate the tax- 
payer in accordance with the capital allocated to his use, of course the 
system is but approximate ; the approximation, however, is so close and 
the simplicity so apparent that it is difficult to think of another system 
with a greater balance of advantages. 

There is nothing in the above proposal revolutionary, and nothing 
impracticable. It differs from the system employed at Norwich merely 
in that all the possible beneficiaries are rated with the cost of the public 
works instead of only the actua! beneficiaries, which is in accordance 
with the true municipal idea. The companies cannot hope for powers 
to levy a rate such as I mention, but it is a pity the municipalities 
should not possess them. Under such a system the mains would be 
very rapidly loaded up, for householders seeing they were already 
rated in respect of the initial preparations would make haste to 
take the full benefit which coming on the mains would give them. 
I agree with Mr. Cooper that for the companies the tariff is best 
which consists of a fixed sum per annum based on the wattage of 
the lamps installed plus a low payment per unit used, though it is 
not easy to get this introduced. | 

As to getting consumers to take to electric cooking, I have 
found this extremely difficult in the districts with which I have to 
deal. The first cost of the apparatus is far too high for the con- 
sumer to incur, and owing to its character the possible depreciation 
is too great to be adequately covered by the supply undertaking 
under a hire contract, which would be at the same time sufficiently 
attractive to consumers. The hot-water question referred to by the 
author is a real difficulty, as well as the heating of the kitchens. We 
are doing what we can, but I am afraid it will be a long time - 
before the character of the load line is sensibly affected by electric 
cooking. 

Mr. J. O. GIRDLESTONE (communicated): I think many of the objec- 
tions might be met if the word “amperes” was substituted for “lamps” 
in the proposed method of charging—that is, a maximum supply of so 
Many amperes is given at so much per ampere per quarter. In 
charging at per lamp the tendency is for the customer to do away with 
lamps not much used, and to avoid increasing the number installed. 
By charging so much per ampere per quarter һе is left free to instal as 
many lights as he pleases, and of any type or candle-power to suit his 
convenience, In order to keep him to his contract, however, a “ limit 
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switch” is fixed in place of a meter. This will give him warning 
immediately his maximum as per contract is exceeded, by causing the 
lamps to continue “ blinking ” until the excess is taken off. 

The cost of inspection and maintenance by this system of charging 
is reduced to a minimum,a test of the limit switch once or twice a year 
being all that is necessary. 

It also seems easy for the supply company to dctermine their 
rate of charge. The average daily amperes per annumi divided into 
units generated per annum would provide a basis for the charge per 
amperes per annum. | 

The PRESIDENT: Before asking you to return a vote of thanks to 
Mr. Cooper, I would like to say a few words on my own account. This 
paper and the discussion on it show that we are a little further towards 
the elimination of the maximum demand system. In the third line of 
his paper the author says, “The maximum demand system, though 
excellent in theory, is now harmful.” The connection between theory 
and practice is there not very evident. I suggest a theory cannot be 
excellent if it is harmful in practice. On page 28 he says, “It is to be 
doubted whether this system has materially reduced the peak load." 
That is one of its main objects. And again, on page 32 he says, “Тһе 
peak load cannot be conveniently restricted by imposing a maximum 
demand." A clear recognition of this fact will help in the direction 
of simplicity of charging. Mr. Cooper says the costs are different for 
light and power. I suggest they are not different for light and power ; 
only different for different times. What is done with the energy does 
not affect costs, and therefore a two-rate time system seems logical. I 
ventured to show you in my address last week that in the one town in 
Germany where it is used, that town has the lowest rate both for 
lighting and power in Germany. We scem to be slowly drifting 
towards the simpler methods of charging that are universal in regard 
to all other commodities. I think that we shall go on and lower the 
peak, partly by using more efficient lamps, partly relatively by raising 
the plain on either side of it, and that we shall come to a simple 
rate for light and power, although it will take years. We shall do what 
everybody else does. If you are selling sugar, you charge the same 
whether a man goes for it when the shop is opened first thing in the 
morning or when the shop is full of people, and without regard to what 
he is going to use it for. 

I have great pleasure in asking you to accord a hearty vote of 
thanks to Mr. Cooper for his interesting and suggestive paper. 

The resolution of thanks was carried by acclamation. 

The meeting adjourned at 9.37 p.m. 


DISCUSSION AT GLASGOW, DECEMBER 8TH, 1908. 


Mr. SAM Mavor: I am rather disappointed to find that the paper 
is not more encouraging with regard to the use of heating and 
cooking apparatus. So far as I can judge, it seems to me there should 
not be very great difficulty in connection with separate heating circuit 
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two-meter supply. It would only be proposed at this stage to provide 
separate wiring in the kitchen, and possibly in the drawing-room or 
bedroom or bathroom for radiators. Such experiments as I have been 
able to make are somewhat crude, but they appear to me to be quite 
conclusive in respect of the inadequacy of any ordinary radiator to 
raise appreciably the temperature of a sitting-room or bedroom of 
moderate size. The results, so far as my experiments have gone, have 
been quite unsatisfactory, and have prevented the continued use of the 
apparatus. It occurs to me that one feasible method of encouraging 
the use of heating apparatus might be the hire by such a Corporation as 
that of Glasgow of cooking apparatus, radiators, etc., to consumers, at 
a moderate price on a three months' trial. As to the flat iron, I don't 
think it is likely to smooth out the peaks of the lighting load curve. My 
own experience has been entirely disappointing. ‘There have been 
several cases where I have had fairly complete equipments supplied to 
large kitchens where, the supply being obtained from water power, the 
cost of current was not a factor in the question, but after six months I 
don't think a single one of these appliances remained in use. Women 
have to be reckoned with, and they have no consideration for such 
apparatus, and are not disposed to learn how to use it, and it very 
quickly finds its way to the scrap heap. The frequent change of 
domestic cooks is also a difficulty. The delicacy of the apparatus now 
in the market is a great bar to the extended use, especially of the 
cooking apparatus. 

Mr. J. A. ROBERTSON : The paper deals with two subjects of much 
interest to station engineers and to consumers.’ The question of tariffs 
is perhaps the more important, and I think that most of us are now 
beginning to look at this subject from a fresh point of view. Looking 
to the load curves submitted in the paper from a London district, and 
comparing these with the curves obtained in centres like Glasgow or 
Manchester, it would appear as if the only solution is to adjust tariffs to 
suit the conditions of each locality. 

I heartily agree with Mr. Cooper in his condemnation of the 
“maximum demand" rate for domestic consumers. I think this system 
of charging has done more to hinder electrical development than to 
assist it. In Glasgow the effect is toned down somewhat by lowering 
the initial rate to about one half, and doubling the time during which it 
operates, namely, instead of charging 6d. per unit for one hour per day 
and id. per unit for the remainder, the initial rate is now 34d. for the 
first 760 hours per annum. This departure, however, defeats the 
primary object of the system, which isto make short-hour consumers pay 
their fair share of standing charges, and is really an admission of its 
failure to meet the diverse conditions in a city like Glasgow. 

With the ordinary “maximum demand" system the difficulty 
appears to be that those domestic consumers who do not understand it 
condemn it, while those who do understand it become a nuisance to 
the station engineer by their repeated calls for indicator short-circuiting 
when they wish to switch on a few extra lamps. 
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The “ Norwich” rate of charging may suit a special locality where 
the dwelling houses are of the same type, but the rate is not generally 
applicable. The rental of a house has only a partial relation to the 
use made of the current by a consumer, and the system would penalise 
the consumer who lived in the West End as compared with the dweller 
in the East End who obtains the same accommodation for one-half the 
rental. The tariff favoured by Mr. Cooper, which is based on the 
wattage of the current-using apparatus installed, is, I think, the worst of 
all possible tariffs. Apart from the fact that it discourages consumers 
from installing a sufficient number of lamps, there remains the objec- 
tionable system of inspection. Domestic users will simply not tolerate 
an inspector coming in and spving through the house at intervals, and 
resent the implied reflection on their honesty which follows the 
inspector's discoveries of large lamps having been substituted for 
smaller ones, on which the initial charge is based. I believe the tariff 
of the future, when the diversity factor becomes sufficiently high, will 
be a simple flat rate with discounts according to quantity, but if we are 
compelled to differentiate our rates meantime according to the nature 
and extent of a consumer's demand, it appears to me that the time 
element must be taken into account, and that the only equitable rate 
would be a double tariff rate. 

Looking at the curve in Fig. 1 again, it is the enormous peak there 
which determines the amount of the capital expended by the under- 
taking on boilers, engines, plant, and mains. The peak is also respon- 
sible for losses incurred through banking up fires during the rest of the 
24 hours, and other “ preparation" costs. I maintain that so far as the 
remainder of the curve is concerned, it would pay the station to supply 
current at its lowest flat rate, quite irrespective of whether the energy 
was being used for power, lighting, or heating. We are told that a 
double tariff rate penalises those who must use current at this particular 
time, but surely if any distinction at all is to be made, these are just 
the persons who ought to be penalised, and it is probable that users of 
motors and others would find it quite convenient to economise in the 
use of current during the period when the higher rates were in force. 
This rate would abolish the arbitrary distinction between current used 
for power and for lighting, which, for example, enables those butchers 
who use small motors intermittently throughout the day, and whose 
combined load factor in Glasgow, according to Mr. Lackie, is only 
9 per cent., to receive preferential treatment under existing tariffs as 
compared with domestic consumers whose load factor may be 15 or 
I8 per cent. Under a double tariff rate we would be freed from the 
absurdity of consumers using change-over switches and other devices 
in order to keep down their maximum demand at a time of the day 
when additional load would be only too acceptable to the station. 

Mr. Cooper blames the system of tariffs for the limited use of 
cooking and heating apparatus in this country. This may be partly 
true, but it is by no means the whole truth. Consumers who could 
afford to pay high tariffs in return for the cleanliness and convenience 


Mr. 
Robertson. 


Mr. 
Robertson. 


Mr. Sillery. 


Mr. 
Mackenzie. 


70 COOPER: DOMESTIC ELECTRICITY SUPPLY  [Dec. 8th, 


of electricity, have installed cooking and heating apparatus often at 
great expense, and discarded it again after a short period of use. The 
difficultv has been to obtain really efficient and reliable apparatus, and 
while matters have improved during the last year or two, there is still 
much to be desired. It is certainly very discouraging to a consumer 
when the apparatus—as often happens—gocs out of order, to be told that 
it will require to be sent back to the makers in America or Germany for 
repair. 

The luminous radiator is a pretty piece of apparatus, but as an 
economical heat producer it is an admitted failure, and for engincers 
or contractors to push apparatus of this kind on our consumers will only 
tend to bring discredit, and hinder the legitimate development of the 
supply business in other directions. I quite agree with Mr. Mavor that 
once we get reliable apparatus it will be necessary for the supply 
authorities to popularise it by some kind of a “hire” or “hire purchase” 
system. It should be pointed out, however, that at present very few 
supply authorities possess the necessary powers for this business, and 
to obtain them would involve considerable expense to each, unless 
Parliament decides to grant them by means of a General Act. 

Mr. W. SILLERY: The use of apparatus suitable for all and every 
domestic want ought to be encouraged in every possible way. Іп my 
opinion each electrical undertaking should have, by meter only, one 
universal charge per unit with no distinction whatever, be it light, 
powcr, heating, etc. It may interest the members to learn that the 
Electricity Supply Committce of Partick are installing a very large 
electric oven and plate warmer combined, built by ourselves, within 
the Burgh Halls, for the use of the general public. Experiments 
already carried out with this apparatus in practice confirm that elec- 
tricity at 1d. per unit—the price charged in Partick for power and heat 
—is much cheaper than gas, and has not its drawbacks. | 

Mr. |. D. MACKENZIE: So far this discussion has been dealt with 
from the central station point of view, but the consumer is really the 
determining factor in any tariff scheme, and whatever the station 
engineer may think of any tariff he brings in, the consumer is the final 
judge. The maximum demand system has been run down very con- 
siderably. The principal objection urged against it is that the consuiner 
cannot understand it. . During the last ten years I have been explaining 
the maximum deinand system to consumers all over the city, and I do 
not think I have got more than 1 or 2 per cent. who have not under- 
stood it and been able to forecast their annual bill. With regard to the 
heating and cooking apparatus, this afternoon I got particulars of a very 
large electric tea boiler which has been installed in Glasgow, and is 
of бо-раПоп capacity. It requires 75 k.w. to bring the water from 
the ordinary tap temperature up to boiling-point in 29 minutes, or it 
absorbs, say, 374 units, which, at 1d. per unit, costs 3s. 14d. In order 
to obtain a comparative figure for gas heating I called in to-night also 
at the Corporation Gas Department, and inquired what amount of gas 
would be required to boil 60 gallons of water in half an hour, and was 
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told about 600 cub. ft. From the manner іп which this quantity was 
calculated I was inclined to take it as a rather low figure, and would 
increase it to 750 cub. ft. With gas at 2s. 1d. per 1,000 cub. ft., this 
made the cost come out at rs. 6d., so that I am not surprised to learn 
that electricity is dearer than gas for such a purpose. Mr. Mavor spoke 
about radiators being useless for heating large rooms. I have carried 
out a considerable number of experiments with electric radiators, even 
in places where expense was a secondary consideration, and the results 
I got were similar to those of Mr. Mavor. At the same time, I think 
that some rooms were, for reasons difficult to ascertain, more easily 
heated than others of similar cubical contents. Coming back to the 
question of systems of charges, it seems to be a question of profit 
and loss in thc long run, and if we take, as Mr. Cooper practically 
suggests, an average of the individual consumers demands, is it going 
very far wrong to average out the station demand? In other words, to 
have a universal flat rate. I think the sensible way would be to take 
the broad average and charge on that, and come out with a profit at 
the year's end. Some speakers mentioned the disadvantage attached 
to electric heating apparatus, that when anything went wrong the whole 
apparatus had to be returned to the maker. There is at least one 
system on the market with easily renewable heating elements which 
any electrician or handy mechanic can replace, and the tea boiler pre- 
viously referred to was constructed on this principle. "This is certainly 
a great step in the right direction. 


Mr. J. CALDWELL: One of the greatest disadvantages likely to M 


be experienced with the proposed tariff dependant on the number 
of 8-c.p. lamps installed, would be the periodic inspections necessary 
to ascertain the wattage of lamps in use. Another objection foreseen 
is that the greater part of the cost to the consumer is based on what 
might be, rather than what actually is, the maximum demand, so that 
churches, houses, and public buildings would be charged in excess of 
the late-closing shop, whose lighting load is probably not so profit- 
able. I am personally interested in the experimental electric cooking 
carried out at Messrs. James Fleming's Restaurant, 68, Oxford Street, 
London, referred to at the end of the paper, and further information 
regarding it may be of interest to those present. The installation 
consists of an oven, two grills, an egg-poacher, a hot-plate, and 
a 5-gallon copper boiler for keeping water at boiling-point. The 
largest grill consumes 1,800 watts when hot, and is used for cooking 
twelve chops or steaks at one time, the heating resistances being 
placed above the chops and steaks, and divided into two sections in 
order to economise at light loads, but further sub-division might be 
advisable. The smaller grill is used as a bread toaster, and is of similar 
construction to the other, but with open sides, which reduce the effi- 
ciency, though improving the quality of the cooked article, which would 
otherwise be tough. During a test of cight days' duration 678 chops 
and steaks were cooked by the large grill at a cost of № of 1d. each, 
and the total consumption of electrical energy for all appliances was 
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313 units at an average of 1°18d. per unit, or 3s. 8d. per day—that is, 
about £58 рег annum. Another restaurant in London has a grill in 
use which has the advantage of cooking quicker without deteriorating 
the quality of the steaks and chops, and this firm informs me that with 
gas or coke the time required to prepare such articles 15 eight minutes, 
whereas with the electric grill this can be reduced to about five minutes 
when working at full capacity. 

Mr. Т. INGRAM CRAIG: On the first page of the paper we read 
in Mr. Cooper's argument, “Consideration of tariffs based on rateable 
value on two-rate meters and on the wattage of lamps installed, 
favour the latter,” and on page 32, he details his scheme, proposing 
an annual charge per 8-c.p. lamp installed plus the current registered 
by meter at a low rate. This seems a good idea at first sight, but 
I am afraid it would nat be popular, because during the summer 
months, when very little current is consumed, the quarter's account 
would be something like £4, made up of £3 12s. for standby 
charges and 8s. for current as registered by meter (see Table I.), 
Consumers would grumble at having to pay such a large bill when 
they knew they had used so little current. With the double tariff 
system the consumer easily understands it, and uses the current 
throughout the day at the low rate and keeps down his demand for 
current as low as possible during the hour of the peak load when he 
is charged the higher rate. A demand would thus be stinulated for 
heating and cooking through the day with the low-rate price some- 
where about 1d. or jd. per unit, and the high-rate interval as short 
as possible. For domestic and small shop consumers one circuit 
of wiring would do for lighting and power as the one meter would 
serve for both purposes. What is wanted is a good time switch, 
one that will go without rewinding fora month. A great future lies in 
store for a good switch, and it would also solve the problem of illumi- 
nated signs and shop-window lighting after the peak load. Mr. Cooper 
refers оп page до to the inquiring householders. One out of every 
hundred does not know where to find out what he requires. A large 
showroom in the centre of the town, in the hands of the local authority, 
is necessary, where demonstrations could be given of how the cost of 
heating, cooking, etc., compares with gas and coal. 

Mr. GILBERT AUSTIN : From personal experiment I find that 
electricity at 4d. per unit will compare favourably with gas at 2s. 1d. 
per 1,000 cub. ft. for cooking and heating purposes, but electric 
cooking apparatus must be made more serviceable, and the heat 
more easily regulated before it comes popular. There is also a 
large field of usefulness for the electric radiator, such as for occasional 
heating of drawing-rooms, bedrooms, and bathrooms, I have found 
a combination of lamp radiators together with convectors to be 
more effective than when either of these types are used exclusively. 
A high-temperature radiator (such as the heat lamp) is necessary to 
warm the person and to give a cheerful glow, while the convector 
circulates the warmed air much more quickly. Electric radiators are 
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not suitable for heating sitting-rooms, except for short periods, because 
they do not assist ventilation as in the case of a coal fire. 

Мг. E. C. Нахрсоск: Mr. Cooper and others have rightly con- 
demned radiators for general, as opposed to local, heating purposes. 
I should be glad if any one could give us particulars concerning 
electrical carpets. By maintaining a comparatively low temperature 
in the carpet, it is possible to warm a large room comfortably on 
account of the large and equally distributed surface of the carpets- 
Another point in their favour lies in the fact that the feet are 
kept pleasantly heated. The carpets may be expensive at first, but 
even then there is a field for them, as they should prove the best 
possible system for such places as banqueting halls, etc., or rooms 
which are not in continual use. I look for the introduction and con- 
siderable use of this apparatus, forming, as it does, the only ideal 
form of general heating. 

Мг. С. L. Brack: I should like to say that I disagree with 
Mr. Cooper in the conclusions with regard to a tariff he has come 
to in his paper. His proposal is simply the Hopkinson tariff under 
a new name. Too much is made of the difficulty of having two 
separate circuits, one for lighting and the other for power. It is 
seldom the case that the lighting wiring of a house is sufficiently heavy 
to allow heating apparatus to be added to it, and if a low rate is offered 
for heating the average consumer is not so unwilling to face the 
expenditure. With regard to cooking, the whole of this, apart from 
perhaps the matter of heating water for afternoon tea, must necessarily 
be performed in the kitchen, and that apartment as a rule is not far 
from the point of entry of the electricity supply into the premises. 
The special wiring for the cooking circuit would therefore be quite 
short and not at all costly. To my mind the cooking apparatus itself has 
a good deal to answer for in connection with the slow progress 
clectricity is making in this respect. In the first place, the apparatus 
is too dear. The price asked for some of the electric kettles, etc., 
would buy a whole outfit of ordinary cooking ustensils. Renewals, too, 
are costly ; the utensil usually has to be sent to the maker for repairs. 
This might be got over by having the heating element in sections, 
replaceable like fuses. Neither the supply authorities nor electrical 
contractors and manufacturers seem to have taken up this question 
yet in earnest, and it will only be when they do so that we can expect 
to make much progress. ` 

Mr. Fripay: Mr. Cooper has given us three reasons for the com- 
parative non-success of the maximum demand system. The first 
reason he gives is the popular difficulty of making people understand 
it. I believe the ditficulty could be got over if it was properly 
explained to the whole body of consumers. I suppose the object 
of the municipal supply system is to give a supply to the greatest 
possible number of people at the cheapest possible rate. I should 
think that would best be obtained by charging every consumer as 
nearly as possible what it costs to supply him. I think Mr. Cooper's 
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principle of demand system is sound, and that by its means the 
desired object could be obtained sooner than by any other. It is very 
difficult to believe that any system that charges some of the consumers 
too much and some too little can produce the same result equally well. 
If so, the two-rate meter method must be unsound. In regard to 
the maximum demand system, that difficulty has been got over in 
the case of industrial power as compared with lighting. Possibly the 
principle of an entirely different basis for power and for lighting might 
be extended to differentiate between the different classes of lighting 
consumers who might be divided into private houses and business 
premises. 

The CHAIRMAN : (Мг. W. W. Lackie). Before Mr. Cooper replies 


- I would like to ask him one or two questions. Is the wiring for the 


heating and power circuit a serious matter? Will the wiring already 
installed be sufficient to carry three or four, and in some cases seven, 
times the current used for lighting purposes? With regard to the 
question of rates I am, of course, strongly of the opinion that no matter 
what the actual rate of charge may be, the basis must be the maximum 
demand system. I have looked into the system of charging suggested 
in the paper—namely, a tariff depending upon the rateable value—and 
I will give you two instances of fairly large houses in Glasgow. The 
rateable value of each of these was taken at £130. The electricity bill 
for the year in one case at a flat rate of 34d. was £9 19s. gd., and in the 
other case £19 14s. 94. If we had charged то per cent. on the rateable 
value and all current consumed iat та., the £4 195. gd. bill would 
have been increased to £14 2s., and the larger bill would have required 
to be increased by some 15s. 3d. Taking two similar flats in Glasgow 
I find that A pays £3 per annum and B £9 ss. If the charge was 
то per cent. on the rateable value plus 14. per unit, their respective 
bills would be A £7 and B £9. Some years ago our one and only 
charge was the maximum demand system pure and simple : 6d. per 
unit for the first 360 hours and id. thereafter. A most careful 
examination of the accounts showed that domestic consumers were the 
only class that could be bunched together for special treatment, as 
fully go per cent. of them used their supply for the equivalent of two 
hours а day—i.c, they used their maximum demand for 730 hours 
in the year. Therefore it becomes a simple matter to charge a 
flat rate of 34d. to those consumers, but I would point out that this 
flat rate is based on the maximum demand system. Unfortunately, 
on the question of heating and cooking on a domestic electric 
supply, the natural law holds that the greatest amount of heating 
is required in the winter months at the same time as the maximum 
lighting demand, and the demand for heating is very much greater 
than the maximum demand for lighting, while the total consumpt is the 
same, We have quite a number of domestic consumers who have 
large installations of heating in their houses, and their consumption for 
heating and lighting is practically the same, but in the winter the heat- 
ing units and the corresponding maximum demand is very much 
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greater than in the case of lighting. It would be an absolutely im- 
possible method to charge a fixed rate of so much per 8-c.p. lamp 
installed іп a city like this, and I think altogether the system of 
charging so much per lamp erected is wrong. The assessment 
principle is also, I consider, wrong, and I think illegal, unless where 
special powers have been obtained. The charge must be a rate per 
unit only. I have looked into this question since receiving Mr. Cooper's 
Paper, and it strikes me that a simple method of getting over the two- 
meter question and separate wiring—if this is a drawback—would 
be to charge all units used by domestic consumers in November, 
December, and January at a flat rate of 4d., and for all units used 
at other times during the year 1d. per unit. If the use of heating 
apparatus doubles the units used by domestic consumers this would 
just mean charging all power units at 1d. 

Мг. W. А. ToPPIN (communicated): The manufacturers of heating 
appliances have lately made two important improvements. They have 
simplified the design and reduced the first cost, and also arranged 
for the heating units to be easily replaced in the event of them 
becoming defective. 

With regard to tariffs, Mr. Cooper mentions the characteristics that 
should be possessed by the ideal tariff. Of the existing systems 
the double tariff seems to be the one that agrees most nearly with 


the conditions laid down. Mr. Cooper refers to the virtue of the 


double tariff system being its inherent defect, and draws attention 
to the different time that the peak load occurs at various parts of 
the year. A high rate lasting from 4 p.m. to 11 p.m. would include 
the peak all the year round, although as the summer peak is so much 
less than the winter one, it might be advisable to allow the consumer to 
remain on the low rate during the three summer months, as the use 
of electricity for any purpose during this period requires as much 
encouragement as possible. 

He also states a few lines further on that the consumer would be 
penalised by the higher price if current for heating purposes was 
uscd during peak-load hours. It seems only just that he should be 
thus penalised, as he obliges the supply authority to expend a certain 
amount. of capital in plant on purpose to meet his requirements. 

There is another point to be mentioned in favour of the double 
tariff system. In the event of increased working costs per unit, due to 
a rise in the price of coal or other causes, the supply authority could 
slightly lengthen the time the high rate was in operation, and thus raise 
the average price per unit. This would not cause complaint from the 
consumer as an increase in a flat rate would, the agreement with 
consumers being that the time of duration of the high rate could be 
altered by the supply authority after giving notice to the consumers. 


Discussion AT DUBLIN, DECEMBER IOTH, 1908. 


Мг. С. E. Рилитсн (Chairman): I am in favour of duplicate 
wiring, as I think that the supply for lighting purposes should, for 
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various reasons, be kept quite distinct from the supply for domestic 
purposes. In cases where houses are wired before they are occupied 
this seems to be absolutely necessary, as the builder or landlord, as 
the case may be, could not possibly tell what the tenant's require- 
ments would be as regards the demand for domestic purposes ; they 
would not, therefore, know what size wires to put in. 

Houses wired for light by the builders or landlords could be after- 
wards wired for the domestic supply to meet the tenants’ requirements 
without much trouble or expense. Consumers who own their houses 
would not object to pay for the additional wiring, but in thc case of 
yearly tenants and small consumers generally it would be necessary 
to let them have both the wiring and fittings on hire. I consider it 
absolutely necessary that supply authorities should have power to do 
this. Gas companies do a very large business in this way, and I see 
no reason why electricity supply authorities should not do likewise, 
providing that, as in the case of gas stoves, etc., the rental charged 
covers not only the actual heating or cooking apparatus, but the cost of 
connecting up the same. As regards tariff, I favour a flat rate for each 
class of consumer—a low one for domestic purposes, and a somewhat 
higher one for lighting. 

It seems to me that at present we worry too much about the 
“peak,” and that by charging an increased price during the peak 
load we only choke people off taking a supply altogether. If elec- 
tricity was made use of generally for domestic purposes the peak 
would not be nearly so formidable as it is at present, particularly in 
residential districts ; but, in my opinion, the only way to get the public 
to take it up for general use is to offer them the supply at all times 
at a low fixed rate. The gas companies do not charge more at 
one time than another for the supply of gas, nor must we do so for 
electricity. 

Мг. W. J. SowrER: I agree with the author's strictures regarding 
the maximum demand system, but I differ from him in thinking that 
it has been educational to the consumer. On the contrary, I am con- 
vinced that it has in some cases done actual harm to supply under- 
takings; consumers do not understand it, and any system of charging 
which the consumer cannot understand sufficiently to enable him 
to check his account must be regarded as unsatisfactory. 

In places were the maximum demand system exists it is a work of 
considerable difficulty to frame another scale to take its place. It is im- 
possible to substitute a flat rate because such a rate would, in order to 
give satisfaction, have to be as low as the average charge per unit to the 
longest hour consumer. I consider that the proposal of the author to 
base the charge upon the number of lamps fixed would be unworkable in 
practice. Consumers often change their lamps or have additional 
ones installed without notifying the authority, and there would doubt- 
less be endless disputes regarding this. Ot course, the proper way to 
charge is by the number of lamps used, but this brings us back 
to the demand indicator. In my opinion the most satisfactory way 
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to use the demand indicator is that adopted Бу Мг. Leonard Andrews 
at Hastings—namely, the indicator to calibrate for 30-watt lamps, 
and to make a fixed charge per annum for each 5о0-уға lamp indicated 
plus a small charge per unit for energy consumed. Every consumer 
understands such a system. 


Mr. 
Sowter. 


As the author points out, the chief objection to any method of . 


using demand indicators is that no account is taken of the time 
the maximum demand occurs. It is there that the two-rate meter 
steps in. In ordinary lighting stations all peak loads must exist, 
and all the engineer can do is to try to broaden the peak as much 
as possible and charge a remuncrative price for energy used at such 
times. That is exactly what the two-rate system does, and it is, in 
spite of the increased cost of meters and extra complications involved, 
the most equitable system yet introduced. "There is no reason why 
per sea heating device—say an electric kettle—should be charged at a 
cheaper rate when used at “ peak time” because it is a kettle and not 
a lamp. 

Regarding cooking by electricity, there is no doubt that there is a 
field for extensive operations in that direction— particularly in view of 
the high price of gas in the Dublin district. In order to emulate the 
energy of the gas company in that direction it is necessary to adopt 
their methods by hiring out apparatus to consumers. Unfortunately, 
however, the very high cost of such apparatus isa great disadvantage. 
A complete set of electrical cooking apparatus costs at least £12 as 
against about £3 for the corresponding gas apparatus; further, the 
maintenance of such electrical apparatus is a costly item, so that alto- 
gether I am afraid that, although granted that the cost of energy in 
each case will be about the same, it will be necessary in order to carry 
out the project commercially to charge a rental many times greater 
than the gas company does, with the result that the public is unlikely 
to entertain the suggestions of the most persuasive and eloquent can- 
vasser possible to employ. Therefore we can only hope that the 
manufacturers will be able in the near future to place upon the 
market cheap and simple apparatus to compete with gas cooking 
and heating stoves. 

Mr. A. E. PonTE : Richmond is a typical residential district, and 
the bulk of the demand is for private house lighting. The load curves 
given in the paper show clearly the necessity of pushing the sale of 
energy for cooking and heating. I do not think that the cooking 
and lighting loads will overlap to any great extent, but if they do 
the meter which differentiates between the hours of supply—viz., a 
two-rate meter—will render it easy to frame an equitable scale of 
charges. For instance, in the Richmond case during the winter 
months the higher rate of charge might endure between the hours 
of 4 and го p.m. and іп the summer from 8 to 10.30 or 11 p.m. Two- 
rate meters are expensive at present, but I think that they may 
be made much cheaper. There should be a considerable field 
for the use of radiators in offices in large cities, which during the 
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winter months would form а substantial day load. Regarding 
the proposed domiciliary visit necessary in connection with the 
scheme of charging based on the lamps connected, I think that 
such a necessity would render the system very unpopular, and I doubt 
very much whether corporate bodies could spend the ratepayers’ 
money for the purpose of employing the necessary officials for the 
work. Of course, a private company has far more latitude in this 
respect. Turning to the subject of cooking by electricity, I may refer 
to an electric oven invented by a Dublin man who, curiously enough, 
has very little knowledge of electrical matters. The oven consists 
of a cylinder with shelves arranged round, over which a bell-shaped 
cover fits. The chief feature of this apparatus is that it is very 
thoroughly lagged, and the number of heating elements can be raised 
at will. In ordinary electric ovens their inefficiency is largely due 
to the number of times it is necessary to open and shut the door 
and the very poor method of lagging. The apparatus referred to 
would cook a large ham with one unit of electricity, and I think 
that a considerable advance. I have had some experience with electric 
flat irons, and have found that an 8-lb. iron consumed о5 unit per 
hour, while a 14-lb. iron required 1 unit per hour. This is slightly 
higher than the cost for gas irons. | 

Mr. L. J. Кеттік: The method of charging according to lamps . 
fixed is no novelty, as it has been tried on the Continent and 
abandoned in favour of an ordinary flat rate. If, however, such a 
system were adopted I think undertakers should charge by candle- 
power irrespective of efficiency. I notice that Mr. Cooper, in 
making his calculations concerning the cost of producing extra energy 
for cooking and heating, assumes a low factor of 25 per cent., but 
it seems to me that it will not be anything like so high. That 
being so the whole argument falls to the ground, and cooking and 
heating should be charged at a somewhat higher rate than those 
suggested. Of course, if somc arrangement could be made whereby 
such apparatus could be kept off the mains at "peak time," then 
energy could be supplied cheaply for heating and cooking. I notice 
in the table of costs of different methods of cooking that oil is 
apparently only half the cost of gas. Why, then, is gas used at all? 
It is, of course, purely a matter of convenience and that being so, 
electrical cooking, for just the same reason, will probably supersede 
gas cooking. 

Referring to the question of tariffs, I think that the maximum 
demand system has been careful in making charges equitable between 
consumers ; but on the whole a flat rate is likely to prove the more 
satisfactory, although not so satisfactory to the station engineer. 

Мг. W. TaTLow : I see no reason for the introduction of another 
new tariff, and think that a tariff based on the number of lamps 
installed would prove particularly objectionable. The public would not 
take kindly to the intrusion of officials for the purpose of inspecting 
installations—such schemes pave the way for the bogus inspector, 
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whose “inspections” probably would not be limited to installation 
and lamps. I do not consider that the cost of separate wiring for 
heating and cooking would be great. In any case extra wiring is 
essential, since contractors are not usually so liberal in their estimates 
of copper necessary for the lighting circuits. А radiator absorbing 
г k.w. could not be attached to an ordinary pendant fitting, and must 
be wired up separately ; why not, therefore, put in a separate circuit ? 
Similarly the supply authorities would have to instal alarger meter, and 
the course adopted by the Dublin Corporation—and doubtless it is a 
correct one—is to put in separate meters for such purposes. Con- 
cerning cooking apparatus, flexible cords are an objectionable 
feature ; and if an alternating-current apparatus could be devised con- 
sisting of a large magnet energised by the circuit, and if the hot- 
plate, or other apparatus containing short-circuited conductors, were 
placed.on top, the eddy current induced would furnish the necessary 
heat. Such an apparatus, if practical, would be a distinct advance. 


Mr. P. S. SHEARDOWN : In reading this paper, after being encouraged M 


in the early part to believe that a way was to be shown to level out 
the unprofitable looking load curve shown on page 31, one is naturally 
rather disappointed with the recommendations finally put forward, 
which seem to show the advantage that would accrue if more extended 
use was made of electricity for domestic purposes. This is probably, of 
course, well known to supply engineers, but the difficulty hitherto has 
been in obtaining such a load. After reviewing the various existing 
tariffs the author proposes still another, which, I think,is open to as 
many objections as any of the previous ones condemned. Asa matter 
of fact, the trouble is, that there is no one tariff that will suit all con- 
ditions of supply. Neither can I agree that having to run two separate 
circuits for power and light in a house, and instal two meters, should be 
so detrimental to the creation of a power supply in domestic houses as 
the author thinks. If a house has been properly and economically 
wired with regard to the amount of lighting required, it is quite out of 
the question to place economically on the same circuit radiators taking 
as much as a kilowatt. Additional copper would have to be put in the 
mains, and I believe that it would be more economical to run the power 
circuit separately, for the simple reason that the loss of a volt or two in 
the power circuit really makes very little difference, because the 
amount of heat generated in the radiator is proportional to the watts 
supplied to it, but the amount of light generated from an incandescent 
lamp is not at all proportionate to the supply. A drop of a few volts 
means a very great falling off in the lamp's efficiency. Moreover, the 
power circuit should be a very simple matter, as it can be run on the 
tree system, and instead of being run at the back of walls and under 
ceilings it песа only to be taken over to the wainscotting and a plug 
supplied. I think that on a power circuit run on the tree system there 
need be only one main fuse on this circuit, and that the rest of the 
circuit should be provided for with a fuse and switch at the block 
receptacle or on the apparatus itself, as this would tend very much to 
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economy both in material and labour; and it appears to me that where 
a house is being wired for electric lighting, it should be a paying pro- 
position for the supply company to arrange with the contractor to run 
the power circuit at the company’s expense, provided the consumer 
shows any inclination to use such power. I certainly think that a 
double-rate meter is preferable to any maximum demand system, for 
the reason that the maximum demand system does not always penalise 
the uneconomical customers, as it is quite possible in certain cases for 
the maximum demand in a house to be taken at the time of light load 
on the station. I believe that the real trouble in getting the owners of 
ordinary residential houses to use electricity for lighting and cooking is 
the frightful expense of electrical apparatus for this work compared 
with that required by other means. Not only is the original capital 
cost high, but the possibilities of expense of repairs and renewals is 
always present; and it is almost impossible to give any estimate of 
what the actual cost for this will be, as so much depends on whether 
the apparatus is intelligently used or not. 

Mr. COOPER (in reply): I fear that I have not brought out as 
clearly as I had hoped the limitations and restrictive effect of most 
present-day tariffs, for quite a number of speakers have referred 
to such tariffs as being adequate to the present need. I think that 
a little reflection, coupled, possibly, with a re-reading of that part 
of my paper in which such defects are pointed out, will convince these 
speakers that something more is needed. The fact that such tariffs 
have met with a certain success hitherto is no reply to the criticism 
that they are unsuitable. 

Some speakers have sought to support existing tariffs by thrusting 
the blame for our slow advance in domestic power upon the high cost 
of apparatus. I quite admit that the latter is a distinct difficulty, but 
it must not be forgotten that apparatus can only be manufactured 
cheaply if sold in large quantities. I contend that such apparatus 
can never be sold in large quantities, and will therefore never be 
as cheap as it should be, unless a suitable tariff is introduced. There 
are innumerable consumers (mysclf among the number) who would 
not go in for electric heating and cooking seriously at the present 
time, even if apparatus were given to them free of charge, for the 
simple reason that they would not go in for duplicate wiring, or that 
it would not pay them to use the apparatus on account of the high 
charge for сіссігіс energy. Apart from duplicate wiring being 
costly, its installation would often be inconvenient because it would 
necessitate the pulling about—as mentioned by Colonel Crompton—of 
a large part of a house. As a rule people do not re-decorate their 
houses throughout at one time. Two or three rooms are done at 
а time. Thus the idea of duplicate wiring is not welcomed by the 
average householder, but the strengthening up, if necessary, of certain 
parts of existing wiring is a less serious matter. There is also the 
rent of the additional meter; very often this is by no means an incon- 
siderable amount. 
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I quite agree with the President that what we should like to get 
would be a low flat rate for domestic purposes, but this can only 
be obtained by making the lighting load a small part of the domestic 
demand. Meanwhile we must have some simple tariff for the period 
of transition to encourage this ultimate state of supply. Many speakers 
have urged that the tariff I have supported would be objected to 
by consumers on account of the inspections. I quite agrce that 
this tariff would be “ objectionable " if forced upon consumers whether 
they liked it or not, but it should be optional. It is so easy to go 
to a consumer and say that the past year's bill would have bcen so 
much on the new tariff, showing, say, some saving, so that the consumer 
can judge for himself as to its desirability ; if he sees it is to his 
advantage (which should not be difficult) he is not likely to object 
to the inspections. If he does so object he can return to the old 
tariff. I do not think the inspections песа be frequent, and the greater 
the demand for domestic power the less important they would become 
because the lighting load would become important relatively. 

It might, perhaps, be well nevertheless to disguise the system 
somewhat by not stating the charge as so much per lamp. An inspec- 
tion would in any case be made, and as a result of this the engineer 
would deduce from the total “ wattage” the number of units that would 
be used per annum during the times of “lighting load." The consumer 
would then be informed that all units after a certain number per 
annum would be supplied at the low rate of 1d. per unit, or whatever 
rate might be fixed. In this way the tariff would be made very simple, 
and it would not be forced on the notice of the consumer that the 
basis for the higher-priced units is the total “ wattage.” 

I think there is confusion in the minds of many people as to 
individual load factor, class load factor, and diversity factor. Electric 
heating and cooking should have a much higher diversity factor 
than electric lighting during the hours of what I term the “lighting 
load." This fact must be taken into account. I have assumed a 
load factor of 25 per cent., and I ought, perhaps, to have stated that 
this is the class load factor. The individual load factor may be less, 
but in this problem I think we need only consider the load factor 
obtained at the station from this class of supply when a considerable 
number of consumers are making use of electric heating and cooking. 
By considering merely the lighting load during the peak, as I have 
done in my paper, there seems a fair possibility of dividing lighting 
and heating (plus cooking) into two classes, which may be dealt with ina 
simple way as far as domestic supply is concerned. 

There is one disappointing feature in the discussion—namely, the 
absence of speakers connected with the manufacture of apparatus 
for electric heating and cooking. Although, since the publication of 
my paper, I have received letters from manufacturers expressing 
dissatisfaction with my views, no representative of this part of the 
industry has thought it worth while to discuss the problem at the 
meetings where my paper has been read. I think in a subject of 
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this kind there should be co-operation, and the manufacturer should 
combine with the station engincer in such discussions in the endeavour 
to clear away the difficulties. 

I will now deal with some of the remarks of speakers individually. 

Mr. Sparks points out that the figures I give relating to the use of the 
maximum demand system are misleading. All that I meant to imply 
was that this system is in use on 40 per cent. of the networks examined ; 
of course, there is generally a flat rate as an alternative, so that this 
figure cannot be looked upon as excluding the use of other svstems on 


TABLE A. 
Undertaking. : PE aig Total Costs. | Load Factor. , 
| d. | | 
Belfast... - 26 I0'9 0°76 20°0 
Birmingham T ies 2078 | 0°76 | 21°5 
Bolton іі Pas T 108 | 0°56 | 27°3 
Bradford ... sia pis I3'I 072 i 28°3 | 
Burnley ... -— вы: 34 0:60) | 226 
Bury ees = es 30 0:55 | 205 
Coventry ... : Sod 48 075 | 104 
Darlington ; $i 4 074 | 17°5 
Dudley  ... ius "— 2'0 0'77 | 1420 | 
Hackney ... | 48 076 . | 197 
Leeds 124 0°07 | I7'1 
Manchester 634 0:68 254 
Motherwell ste 1'9 0°65 | 235 | 
Newcastle District is 93 0'09 | 2rI ! 
Prescot 2... .. € 30 0'49 | 26'1 | 
Salford -— eee 12°6 0°62 i 2258 | 
Sheffield ... — ... — | 8:3 073, ISI 
Stalybridge | 727 0°45 368 
Stockport ... | 27 0'73 | 266 
Stretford s "m 1'3 076 17'I 
West Ham uis Sae i 11°3 072 | 234 


these networks. Mr. Sparks will find that my paper does cover what 
he terms “the present system "—namely, two meters and two circuits, 
one for lighting and one for heating—but I look upon this duplication 
as an inherent defect. 

Mr. Taylor is a keen advocate of accumulators, and I must admit 
that the Richmond station (and other stations of this class) would be 
particularly suitable for putting his views into effect but for the fact 
that this town is within the area of London fogs. The use of accumu- 
lators, however, scarcely affects the question at issue. I think that, 
although the tariff might be reduced thereby, a marked difference 
would still remain between charges for light and power, and that the 
charge for light could scarcely be reduced to that for power, such as 
Id. per unit. With regard to the figures I have given for cost of 
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generation I do not think these аге so very far wrong, and it may be 
worth while to point out that quite a number of undertakings are 
already supplying ordinary power consumers at 1d. per unit—that is 
at a lower price than my “ upper limit.” 

There are quite a number of undertakings whose total costs 
(i.e. excluding capital charges) аге in the neighbourhood of 3d., 
as seen from Table A, taken from the Electrical Times. These 
are mostly, though not all, large undertakings, but the figures show 
that there are many cases in which domestic power on a 25 per cent. 
load factor could be supplied easily at 1d. per unit having regard 
to much more than wire running charges, and if regard is had to the 
special circumstances of the case this list could be much extended. 14 
only the undertakings here mentioned were to take up the matter 
seriously there would be a great advance to which even the most 
critical could not take exception. 

Mr. Snell mentions the point that I have not made any provision for 
the redemption of the capital itself. That is во, ог I had in mind the 
case of a company rather than of a local authority. In the case of a 
local authority it would be well to make the provision for interest and 
repayment 64 per cent. instead of 5 per cent. for interest alone. With 
regard to the figure for rates and taxes, I had in mind rather the ulti- 
mate figure than the immediate figure. Rates and taxes depend rather 
on the profit than on the turnover, and consequently if the profit per 
unit becomes less the ultimate figure for rates and taxes per unit 
should also be less. As mentioned elsewhere, I do not suggest that 
units should be supplied for electric heating and cooking upon the 
running costs alone, except in so far as it may be necessary to stimulate 
a demand. Such a course is just as defensible as that of advertising. 
It is often necessary in certain work to advertise considcrably, and this 
costs money. If advertising can be effected equally by supplying for 
a time merely at the running cost, or something approaching the 
running cost, such a process is equally justifiable, provided it is not 
carried to excess ; a figure that may be unremunerative at the start 
may be remunerative later on, and if the way can be seen to a remune- 
rative figure in the future I do not think there is much need to hesitate. 
There seems generally a tacit assumption that a price once adopted can 
never be raised. Suppliers of gas have no objection to such a course, 
and I doubt if it is important. From this point of view it would be 
better to quote a price per 10 units to allow of easy adjustment. 

I fear that I must disagree with Mr. H. W. Handcock. In domestic 
supply the “ contract demand” takes us no further than the maximum 
demand. If the contract demand is low, then the consumer can use 
scarcely any heating apparatus ; if it is high, then the heating apparatus 
must be used a lot or the price will be very high. Mr. Handcock may 
reply that if the load factor is high the price will be low, and if the 
load factor is low, then it is only right that the price should be high ; 
hence the contract demand is no obstacle. My view, however, is that 
{һе class load factor. for heating and cooking, as already mentioned, 


Mr. Cooper. 


Mr. Cooper. 


84 COOPER: DOMESTIC ELECTRICITY SUPPLY ([Dec. 10th, 


will be so good, owing to diversity factor, that special terms may 
be given. This diversity factor makes it difficult to fix a charge per 
kilowatt for the demand owing to the difference in this factor for 
lighting and heating. We must safeguard the lighting and yet provide 
an attractive tariff for heating, as otherwise there will be no progress. 
The point is seen most easily by considering a factory with electric 
light and a number of motors. Suppose the lighting load factor is 
8 per cent. and that the load factor of each motor individually is 
also 8 per cent. It might be said by some argumentative person that 
the preparation costs per kilowatt of contract demand is in this case the 
same for both the light and power. This would be so with a diversity 
factor of unity for the motors, but the larger the diversity factor the 
greater would be the difficulty in dealing with both supplies in the 
saine terms. 

I quite agree that if the heating load becomes greater than that due 
to lighting the charge for the former should include standing charges 
As to what the ultimate charge should be it is impossible to say, because 
we do not know what the load factor on the station, due to this supply, 
will be when heating and cooking electrically becomes popular. For 
the time being it is more important to so modify the tariff that this 
field should be opened up to some extent, than to consider what the 
charges should ultimately be. 

If there is no objection to Mr. George Wilkinson’s tariff, mentioned 


by Mr. Handcock, I do not think there can be much to the one I have 


supported. It appears that Mr. Wilkinson asks the consumer, * How, 
many lamps do you wish to have on at once?" I merely suggest that 
the inspector should call and ask,“ How many lamps have you, and 
what 1s their wattage ?" and, as the consumer will probably not know, 
the inspector finds out for himself. If the consumer is likely to defraud 
in the second case, he is still more likely to in the first. In both cases 
surely information is required as to the “ wattage " of the lamps, and I 
fail to sce how Mr. Wilkinson is going to do without meters unless he 
restricts the consumer to lighting, which is just what is not the desired 
end. If Mr. Wilkinson can really get satisfactory replies to his simple 
question, then I think a good tariff would result by combining such a 
charge with a flat rate of, say, 1d. per unit, thus giving a tariff differing 
but slightly from the one I have advocated in my paper. The tariff 
Messrs. Handcock and Dykes have put in force at Egham is practically 
the à forfait system largely in use on the Continent ; I have often 
thought that such a system might be used in this country, though it is, 
of course, open to fraudulent abuse if no precautions are taken to 
maintain the standard of honesty. Inspections are necessary for this 
purpose on the Continent, and they would certainly be required over 
here, even if screw-socket lamps were used so as to be less easily 
changed by the consumer. 

The views put forward by Mr. Cowan are, perhaps, a little in- 
definite. I agree with the general principle that the price of a com- 
modity is what is obtainable for it, but it is essential that the cost of 
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production should be borne in mind (as Mr. Cowan admits), or, at 
least, that the general result should be satisfactory. Unfortunately 
these conditions are rather conflicting. I think that Mr. Cowan's 
remarks in many respects support the views that I have put forward. 
It is quite certain that the public will not pay more than a certain price 
for electrical energy to be used for heating and cooking, and station 
engineers must be prepared to come down to this figure, which, in my 
opinion, is 1d. per unit. The difficulty in domestic supply is that we 
are dealing with two commodities which are capable of fetching 
different prices. It is as though we were selling salt and tea. So far 
we have sold a lot of tea and very little salt, because we are trying to 
charge for the salt the same price as for the tea. My contention is that 
by this time we know pretty well how much tca is used per household, 
and we can charge for this in a simple manner (say, by a fixed charge 
on the capacity of the teapots in the houschold), all tea and salt then 
being sold at the price of salt. Eventually we may sell so much 
salt that the special charge for tea may be omitted, and we may sell 
both commodities at the low price of salt instead of at the high price 
of tea. 

Colonel Crompton, and some other speakers, are in favour of the 
two-rate meter. No doubt there is a good deal to be said in favour of 
such a system as a start, but the great objection to my mind is that it 
penalises any consumer who uses energy for electric heating and 
cooking during the time of peak load. My contention is that if the 
peak load is to be rendered unimportant compared with the whole load, 
a penalty of this kind should not exist, and the tariff should be such as 
to treat the supply for lighting and for domestic power separately. The 
artificial production of cold, as suggested by Colonel Crompton, should 
certainly give a valuable load, but I do not sce an easy solution to the 
problems involved. 

I think Mr. Rawlings is rather stretching the point when he com- 
pares an ordinary dwelling house with a boarding house. One might 
equally well compare an ordinary house with an hotel. My remarks 
apply merely to the ordinary dwelling house, and are based on the 
assumption that one dwelling house does not differ very much from 
another in the way in which it makes use of electric light. In regard 
to the West-End type of house, I think Mr. Rawlings is rather judging 
the system by the exception. I quite admit there might be difficulties 
in such a case, and that a good deal of unnecessary wiring is installed 
in such houses. In all probability a “ wattage” tariff would not appeal 
to consumers of this class, but I think it should be borne in mind that a 
much more important class, from the station point of view, is the 
middle.class house, which is is not extravagantly wired, and where 
greater regard is had to economy and convenience. The field in this 
class of house is enormous, and is certainly worth serious consideration. 
Mr. Rawlings also appears to be afraid of diminution of wiring and the 
greater use of flexible consequent on such a tariff. Is this not rather a 
narrow point of view, and should one not derive consolation from the 
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Мг. Cooper. idea that a large ficld of activity would be opened up in connection 
with clectric heating and cooking apparatus and its installation, though 
possibly, at a small sacrifice in flexible? Finally, Mr. Rawlings says it 15 
not a question of the consumer’s demand, but, according to my paper, 
what the supply company says the consumer shall have. That is not so 
if there is no limit-switch or maximum demand as I suggest, for the 
consumer can then take as much current as he likes. 

I am glad to hear from Mr. Trotter, even though unofficially, that 
the Board of Trade would have no wish to interfere with novel tariffs, 
and I am also pleased to note the progressive policy ddopted by Mr. 
F. A. Wilkinson, who contributes some very useful information. The 
results obtained should encourage other station engineers. 

Mr. Bowden seems to have misunderstood me in three out of the 
four points he has raised. (1) My contention is that a simple flat rate is 
inadmissible for both lighting and domestic power taken together, not 
separately. If two flat rates are used there is the difficulty of duplicate 
wiring. I advocate a flat rate as part of the tariff. (2) I object to the 
maximum demand system on account of the maximum demand 
indicalor, not on account of the system itself. The indicator practically 
limits the demand, but, on the other hand, some knowledge of this 
demand is desirable in order to fix a charge for the lighting part of 
the load (or any other load); hence the use of total “ wattage” of 
lamps. It is one thing to use the maximum demand in framing a 
charge, but quite another to inflict the maximum demand indicator 
on the consumer. (3) I see no reason why electric heating and 
cooking should not be termed “electric power.” (4) The passage given 
is incorrectly quoted, and the original contained the word “low” in 
error ; this has been corrected to “high” in the final proof. 

The omission of diversity factor is only apparent; the 25 per cent. 
load factor is at the station, as already mentioned, and therefore 
involves the diversity factor. Although I see no objection to starting 
out with a tariff based on the cost of additional units, I agree with Mr. 
Bowden that if the power load dominates the lighting load it cannot 
be so treated. I see no reason against differentiating between com- 
ponent parts of the domestic peak. To be logical Mr. Bowden should 
charge for the supply to every motor at a high rate during the hours of 

` peak load. 

The conditions laid down by Mr. Bowden for a tariff are ideal, but 
I fear that if they are strictly adhered to there will be no spread of 
domestic power. It is a choice of one or the other, and personally I 
should prefer to see a large increase in domestic power supply rather 
than an ideal tariff with supply as it is at present. 

Mr. Cooch, in trying to extend the tariff to all classes of consumer, 
goes further than I have done, and I think that the method he suggests 
in order to frame the tariff is not quite correct. The maximum demand 
of a consumer is not the same thing as total “ wattage” installed. It 
is only a fraction of this quantity, and therefore the equation he gives 
for diversity factor is not quite correct. If Mr. Cooch is attempting to 
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arrive at a fixed charge, as I take it he is, then this should depend only 
upon the maximum demand of the consumer and upon the diversity 
factor. The load factor, or the number of units consumed, should not 
be taken into account. 

I am glad to sce that Mr. Seabrook is not afraid of inspections, and 
that he is making headway with electric hcating, though only educa- 
tionally for the moment. West Ham is not ideal ground for this kind of 
supply, and the success obtained shows clearly what should be possible 
elsewhere. I do not follow how Mr. Seabrook is going to get at his 
kilowatts for lighting without having separate circuits; if it is by 
approximation, then І think his tariff is not far removed from the 
* wattage” tariff I have supported. Mr. Seabrook has, I think, taken 
my condemnation of the maximum demand system rather farther than 
I intended ; I condemn it where it is restrictive—that is, in domestic 
supply—but I agree that it forms the basis of the charge for any 
particular class. The difficulty about electric heating and cooking 
consumers is that they forma class about which we know practically 
nothing as to the diversity factor at present. I therefore advocate 
liberal terms on the most probable lines we can at present get ; if the 
future shows that our terms are rather too liberal, we can at least 
revise them before any harm is done. The introduction of electric 
heating and cooking is largely an educational matter, and I think 
station engineers should be prepared to spend something on it—in 
other words, not necessarily to make a profit at first. Where would 
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always insisted on charging remunerative rates? The end justifies the 
means. 

I am sorry that I overlooked the fact that Mr. Esson proposed, so 
far back as 1902, the tariff now in use at Norwich. His suggestion that 
householders within the area supplied should be rated to provide the 
standing charges on an undertaking is interesting, and from some 
points of view there is a great deal to be said in its favour. I think, 
however, that householders might feel a grievance, more particularly as 
the rate would tend to go up until the neighbourhood became saturated, 
unless the plant put down in the first instance was sufficiently large to 
supply the whole area. Such a system would also form a grievance for 
private enterprise, as it would place municipal supply at an enormous 
advantage. 

Mr. Girdlestone suggests that “amperes” should be substituted for 
“lamps.” The objection to doing so is that this at once involves dupli- 
cate wiring. The number of lamps can be arrived at simply enough, 
but the number of amperes for the lamps cannot be obtained if the 
supply for lighting and power passes through the same circuit. 

I feel that I must disagree to some extent with the remark by the 
President that the cost for light is not different from that for power. 
In a sense there is no difference, but the fact remains that we can 
afford to supply energy for power at a different rate from that for 
lighting. If two consumers are taken side for side, one using power 
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and the other light, no one would urge for a moment that they should 
be charged at the same rate. If the two supplies are combined and 
pass through a single meter, which is the case of the private-house 
consumer, the situation is really unchanged, yet engineers are ready to 
say that in the latter case the power consumer—that is the householder 
using power for electric heating and cooking—should be charged 
lighting rates during the time of peak load. This is not logical, and 
is really the objection to the two-rate meter. 

I do not quite agree with the remarks of Mr. Mavor, Mr. Robertson, 
and Mr. McKenzie in regard to electric radiators. If such devices are 
to come into general use, the plugs for their connection must not be 
restricted to one or two rooms. It should be possible to move a 
radiator about from room to room wherever desired. It is only by 
such a course that the advantages of the clectric radiator become 
fully apparent. I agree that the radiator cannot be used advan- 
tageously for every case of heating. It is essentially an accessory, 
but it is often useful where other methods are inapplicable. I there. 
fore think that Mr. Robertson's condemnation is carried too far. 
Undoubtedly, if the radiator is pushed on to consumers without its 
limitations being borne in mind, dissatisfaction is certain to result. It 
is also necessary to remember that the same amount of ventilation is 
not permissible for an equal heating effect by an electric radiator as by 
a coal fire, and this, undoubtedly, is a disadvantage from the hygienic 
point of view. Further, the distinction between the convector and 
lamp types of radiator should be clearly recognised. 

Mr. Caldwell applies the tariff to churches, public buildings, and 
shops, which I have already pointed out are essentially excluded from 
my considerations. 

The point raised by Mr. Craig as to the high charge in the summer 
months introduces no real difficulty, because the fixed part of the tariff 
might be apportioned to the summer and winter quarters as might 
appear desirable. I fully agree that public demonstrations should be 
given by suppliers. I understand that the Newcastle Company give 
frequent demonstrations, at which afternoon tea is prepared and 
supplied gratis, and lady canvassers are employed with very good 
effect. The result in this case is that a heating and cooking load of 
1,800 k.w. has been secured simply on the inherent merits of electrical 
methods, for gas stands at the low price of 1s. 10d. per 1,090 cub. ft. 

I think that the electrical carpet mentioned by Mr. E. C. Handcock 
is a promising idea if it can be applied without risk of fire. 

I am interested to hear from Mr. Lackie that domestic lighting 
consumers so closely resemble each other. This confirms my view 
that they can be dealt with in some simple way as regards the lighting 
part of their consumption. "The suggestion that consumers might bc 
charged at a high flat rate during the months of November, December, 
and January, and at a low rate for the rest of the year is interesting. 
I do not think it completely mects the case, but it might very well 
serve as a beginning to the campaign. Regarding electric heating aud 
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cooking as purely auxiliary methods, it might perhaps be allowed that 
they would be required least in those three months, and therefore 
such a tariff would not act too much as a deterrent. 

Both Mr. Toppin and Mr. Porte suggest very long hours (4 p.m. to 
IO p.m. or 11 p.m.) for the interval of the high rate in the case of the 
two-rate meter. Ithink this would be a mistake, and that this interval 
should be as short as possible—not more than, say, two hours. 

I am glad to see that Mr. Pilditch is averse to restrictions during 
times of peak load, but I do not agree with him as to duplicate wiring. 
It may be desirable from some points of view, but it is harmful in its 
restrictive effect. 

I agree with Mr. Sheardown that if a power circuit is run, it may be 
put in more simply than a lighting circuit, but I think the average 
householder would prefer to strengthen certain parts of his existing 
wiring for light. 

In conclusion, I would say that I should be sorry to urge the 
“wattage” tariff against the accumulated experience of central station 
engineers ; on the other hand, I do not think all the objections urged 
are serious, and I am glad to see that a number of speakers support my 
views. The important thing for the moment, however, is that tariffs 
should be revised and most of the present-day tariffs abandoned. 
There seems to be a strongly rooted inclination to treat domestic 
supply on academic lines, very different from that of power pure and 
simple. I desire to thank members for the considerate way in which 
they have received my paper, and to express the hope that the whole 
subject of tariffs and domestic power will be considered more seriously 
in the near future than hitherto. 


Mr. Cooper. 
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LEEDS LOCAL SECTION. 


INAUGURAL ADDRESS BY THE CHAIRMAN. 


H. E. YERBURY, Member. 
(ABSTRACT.) 
October 28, 1908. 


I believe it is customary for a Chairman in an inaugural address 
to deal with subjects he is familiar with or the branch of work 
which engages his attention daily. Yet in my case, I feel that possibly 
that branch may be more suitable for members of an association 
exclusively engaged in tramway or light railway work. I therefore 
purpose commenting very bricfly upon the progress, made up to date 
by electric traction on tramways and railways and what we may 
reasonably expect in the future, and I crave your indulgence if I 
venture to express thoughts which are outside the realm of applied 
science and more or less of a speculative character. 

Ordinary street traction has during the past ten years become 
standardised, and improvements which have been made in electrical 
and mechanical details are of a minor character. 

Series parallel control with series motors appears to have fultilled 
all reasonable requirements, and although the all-round efficiency may 
be improved in many cases, yet as long as the motors run without 
vigorous sparking, the cars maintain schedule speed, thc tem- 
perature of motors and bearings is not abnormal, and the cost of 
maintenance is fairly low, the average tramway manager is satisfied. 

In respect to the economical generation of electricity, we can hardly 
expect—with the present price of fucl—that costs will be materially: 
reduced, for about 32 per cent. of the total generating costs are now 
expended in coal. Engineers of combined lighting and power stations 
should consider themselves fortunate in being able to obtain such a 
high price for current supplied to tramway undertakings, for the 
аусгаре price charged in Great Britain is r'42d. per unit, whereas in 
tramway power stations current can be generated and distributed at 
about 0'39d. per unit, and including interest on capital, sinking fund, 
rates, taxes, insurance, etc., at a total cost of about 0°66d. per unit. We 
may therefore reasonably expect in the near future to see a reduction 
in price to large consumers, such as tramway departments. 

As what might be called commercial rather than technical know- 
ledge often governs tramway administration and management, such 
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considerations as the determination of the characteristic properties 
of tramway motors for the work they are often called upon to per- 
form, and the plotting of efficiency curves of motors in order to get 
the greatest commercial advantage in working cars, are often ignored, 
and if drivers could be educated to work controllers and brakes in an 
efficient manner and utilise the kinetic energy, the resultant saving 
would, in my opinion, be at least equal to the results obtained 
by regenerative control, which, by the way, does not appear to have 
made the progress that was expected at the time of its inception, for it 
is evident, after comparing the relative efficiencies and advantages of 
series and shunt motors for traction work, that there is nothing to be 
gained by using shunt motors. The relation of the copper to the iron 
losses in shunt motors is of great importance, and the proportioning of 
these two factors has proved in the working of regencrative control 
systems, that there are certain fixed or constant iron losses which have 
an undesirable influence on the system, whereas with series motors the 
iron losses vary with the load. In short, a shunt motor—ncglecting 
the regenerative gain—is of lower efficiency than a series motor with 
the variable requirements of traction work. 

In practical working, one of the disadvantages of a car equipped 
with regenerative control is that it is only possible to obtain a 
certain predetermined speed, and we all know on busy systems where 
numerous involuntary stops are inevitable, it is an advantage to be 
able to accelerate rapidly and possibly to exceed occasionally the Board 
of Trade speed limit in order to make up lost time and thereby work 
to a schedule time-table. 

14 speaks well for the stability of scries motors when one finds that 
notwithstanding the diameter of car-wheels has been increased by 2 
to 3 in, canopy tops have been fitted, niaking cars some 2 tons 
heavier, and motors are now often used for ordinary service braking ; 
yet the same motors which were designed for lighter work are well 
able to stand these onerous conditions. But we must expect that 
maintenance costs will increase, and it will doubtless be necessary 
in the near future to instal ventilated motors possibly of the inter-pole 
type, to meet effectively the requirements of modern practice. 

The trackless trolley system, which has for several years been in 
operation on the Continent with a fair measure of success, appears to 
offer advantages in the way of low capital and running costs, and the 
system generally compares very favourably with motor-cars carrying 
their own power equipment. 

As the cost of laying double track for ordinary street tramway 
service is approximately £12,000 рег mile, and for overhead line 
equipment, including ducts and feeders, only about £3,700 per mile, 
it will be readily seen that if the laying of rails can be dispensed with, 
it would often prove profitable to run even an infrequent service of 
cars to outlying districts, which service would act as feeders to the 
main lines of a city tramway. This scheme is now being seriously 
considered, and we may expect to see cars running on this system in 
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England in the near future. It is, of course, necessary to run an over- 
head return wire, and two trolleys are required, while the cars would 
have to be lighter and of less carrying capacity than those required for 
ordinary street traffic, and the tractive advantage of running on rails 
would be lost. Yet there is a useful and remunerative field for a 
trackless trolley system in many districts, as the same overhead equip- 
ment could be retained if the population or requirements of a par- 
ticular district justified later on the laying down of rails with a frequent 
service of cars. : 

With direct-current motors there are undesirable rheostatic losses 
which are avoided on alternating-current systems. Single-phase motors 
are now being largely used for railway work, and they have many ad- 
vantages as compared with a direct-current system, especially as all 
rotating machinery can be dispensed with in sub-stations. 

In the early days of railway clectrification 3-phase motors were used, 
presumably for want of a better system, for it was then necessary to 
run two overhead wires for each track, yet this was proved to be more 
economical than laying heavy insulated steel rails on the permanent 
way as required for locomotives working with continuous current. 

Now that single-phase motors are built, having the characteristics 
and large starting torque necessary for railway work, we may expect to 
see rapid progress in that direction, and it has been demonstrated in 
many instances that as a single-phase motor is nothing more than a 
direct-current motor with laminated fields so asto reduce the iron losses 
with alternating-current excitation, and fitted with a compensating 
winding for neutralising armature action, these motors may be used 
for either system, and should prove very useful for tramway and 
railway work in this country, for when run on a direct-current 
system, say for town or suburban service, the motors would havc 
an efficiency of about 88 per cent, and for linking up towns or 
cities the same cars and motors may be used with, say, a 25-cycle single- 
phase current, and give an efficiency of about 83 per cent. In such 
cases the single-phase system is economical, as energy can be trans- 
mitted at high voltage, and the capital and maintenance costs are low. 
The first single-phase system with overhead wires, at a potential of 
6,600 volts—with a voltage step control—operated in Great Britain, was 
opened by the Midland Railway Company of this year on a branch line 
connecting Heysham, Morecambe, and Lancaster, and the next 
is the London, Brighton, and South Coast Railway on the Victoria 
to London Bridge section. 

A problem which is engaging the minds of designers at the present 
time is that of building satisfactory direct-current turbo-generators 
of, say, 1,000 to 1,500-k.w. capacity. With alternators no difficulties 
present themselves, for they can be readily designed suitable for the 
high speed required by turbine manufacturers, whereas for the com- 
paratively low speed required up to the present for direct-current 
generators, steam consumption is invariably higher, and is brought 
down to a point practically equal to the steam consumption of recipro- 
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cating engines of equal power. Important developments and improve- 
ments have been effected within the past few years, and we now find 
that compensating windings and interpoles have been adopted for 
neutralising reactance voltage and armature reaction, and radtal com- 
mutators appear to have given good results, and we may reasonably 
expect that brush and commutator troubles, with their high maintenance 
costs, will be minimised, and that carbon brushes will be universally 
adopted in the future. 

Now I venture to express a few thoughts to those members who 
have the time and inclination for research work. When we remember 
Newton's dictum that in experimental science, propositions obtained 
from the phenomena through induction must be considered as estab- 
lished or at least as probable, to my mind it is regrettable that only a 
very small proportion of the members of our profession have the time 
or inclination to study phenomena outside or on the borderland of the 
phvsical. It has been truly said that the justification of all pure science 
lies essentially in its ultimate human bearings, and any scientific subject 
would be rightly condemned if it could be proved that it had no relation 
to humanity, but, happily, such proof can never be given. It appears 
that we are hampered by the lack of a theory capable of including new 
facts, and that a well-planned working hypothesis is required in the in- 
vestigation within the realm of transcendental physics or metaphysics, 
which subjects are only at the present time imperfectly and tentatively 
pursued. 

The laws recognised by physical science are greatly extended in 
the investigation of ultra normal physical or metaphysical phenomena, 
and an unexplored field of scientific research of unlimited extent is 
opened out. When we may have demonstrable proof of the production 
of sound and light and the movement of objects or bodies without any 
apparent physical cause, the laws governing such phenomena, in the 
author's opinion, constitute an unopened chapter of science worthy 
of serious investigation. 

Such questions as the constitution of matter and nature and proper- 
ties of ether are only solved by inferential reasoning on logical and 
mathematical lines from such physical observations as can be made 
on the effects produced, and not on ether or electrons themselves. 

When we may observe in the study and application of transcendental 
physics the so-called passage of matter through matter or the transport 
of solid bodies from three dimensionally enclosed spaces, such ultra- 
normal physical phenomena which has doubtless been witnessed by 
many members of this Institution requires an expansion of science, and 
we have to slowly remodel our conceptions and theories. It is now 
generally conceded that matter can only be moved, and matter acts on 
matter only through the ether, and assuming that ether inside matter 
is as dense as that outside, and that contact does not exist between the 
atoms of matter as we know them, then by subjecting the ether to 
stress or tension matter may be dissociated and reunited ; which opera- 
tion invariably causes increase of temperature to the body undergoing 
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those changes. We know that the vortices of an atom in its dissolu- 
tion are not confined to the space of an atom. Assuming the atom is 
the least division of matter when the atom vibrates it dissolves not into 
the basis of matter, for matter itself constitutes the base, but into its 
` superstructure, namely, matter attenuated into ether. The vortices or 
electrons are not the processes of matter, but the processes of the 
essence of matter, for when an atom is dissolved it is not broken up 
into smaller particles, but reduced to an essential solution, shall I say, 
with a million-fold greater expanse than the atom, but in a metaphysical 
realm, namely, in a space so attenuate as not to be obstructed by the 
properties of matter because too refined to be in touch with it. In the 
opinion of the author ether is the basis upon which must be formulated 
the laws governing psychical phenomena, for when we see matter 
passing into conditions so subtle as to be indistinguishable from space 
itself, the only conclusion we can draw is that the ultimate essence of 
matter is, per se, so refined and sublimated that we can no longer 
conceive it as matter. Who can say that the ultimate atom of matter 
may not be a unit of electricity! If we can conceive a four-dimen- 
sional field or region of space, there is no à priori reason why the 
existence of such region should not provide new conditions of physical 
operations, and we may have four-dimensional movements of bodies, 
for an enclosed space of three dimensions would then be open. 
Although the laws recognised by physical science appear to be 
violated in such a sphere of activity, it must be remembered that 
there is a close and complex inter-action of mind and matter, and an 
extremely intricate connection and interdependence of physical and 
superphysical matter, and the best we can do is by experimental 
analysis to study evidence for cach of them separately and then 
appreciate their cumulative force. 

In conclusion, on behalf of the Committee, I desire heartily to thank 
the authors of papers and also the authorities of the Leeds and Sheffield 
Universities for so kindly placing their respective lecture-rooms at our 
disposal, and our best thanks are also due to the Honorary Secretary 
for the very valuable assistance he renders to our Section, and I sin- 
cerely trust that with the promised papers for this 1908-1909 session 
we shall have record attendances at Leeds and Sheffeld. 
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MANCHESTER LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN. 


THE PROGRESS OF ELECTRICAL DESIGN IN RELATION 
TO THE REDUCTION OF CAPITAL COST. 


MILES WALKER, Member. 


(ABSTRACT.) 
October 23, 1908. 


The Manchester Section of the Institution of Electrical Боасе: 
has been most active in producing good, useful papers, and its dis- 
cussions have always had a practical bearing. This is in keeping with 
the important position in the electrical world which the Manchester 
district has held in the past and continues to hold in the present. In 
1849 it gave to the world John Hopkinson, the father of scientific 
dynamo design, and it naturally became the nursery of the dynamo in 
England. From an output of a few kilowatts in 1887, its business of 
dynamo building has grown in twenty years to the manufacture of tens 
of thousands of machines per annum, of a total capacity of hundreds 
of thousands of kilowatts. 

Then we must remember that here in our town we have the largest 
municipal electric power station in the country, under the control of 
our past chairman, Mr. Pearce. In the past year it had an output 
of 63,000,000 units. The total cost of generation and distribution is 
steadily decreasing, and new plant is being added, which will enor- 
mously increase the output, without adding greatly to the capital cost. 

Not only in Manchester itself, but in all of the neighbouring towns, 
electricity is being generated on a very economical basis. Salford has 
a total cost, including distribution and management, of only о624. per 
unit, Bolton and Bury only about o'56d., and at Stalybridge last year 
the cost was only o 454. per unit. Тһе load factor there is as high as 
36°8 per cent. 

This matter of cheap supply is of vital importance to us as electrical 
engineers. We have arrived at a point on the curve of price at which 
great things may happen. Only reduce the price a little more, and the 
field of supply opens out enormously. There are hundreds of mills all 
over the country suitable for electric driving. The advantages are 
admitted, but the question cf cost—particularly capital cost—deters 
many. Then, in electrolytic work and in the steel industry, the 
demand for electrical power will be increased many fold if we can get 
down the price of supply a little, and reduce шешени the necessary 
capital outlay. | ipea 
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I have therefore thought that it would be of interest to consider 
how far the progress of design during the last few years has reduced 
the capital cost of electrical machinery, and what prospect there is in 
the future of the cost being further reduced. 

In order that we may see more clearly the importance of reducing 
the capital cost, let us sec where we stand with respect to the cost of 
generation and distribution. The curve À in Fig. 1 gives for each year, 


— 
~ 


PENCE PER UNIT. 


YEAR. '03 '04 %5 "406 07 '08 
Fic. 1.—Cost, etc., of Electricity. 
DI = Depreciation and interest for undertakings in Great Britain. 
A = Average total costs for Great Britain. 
M = Total cost of generation in Manchester. 
IS = Interest and Sinking Fund, Manchester, 
during the last five years, the average cost per unit (without providing 
for interest and depreciation) of all the electricity generated in the 
British Isles for lighting and power purposes—excluding electricity 
generated in stations. for traction work only. As many of the 
stations are small, and work under difficult conditions, the average 
cost last year was as high as 1'144. per unit. But in large modern 
stations, situated where coal is cheap, the cost is much lower. Curve 
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М shows how the total cost per unit has fallen іп Manchester during 
the last five years. It will be noted that, not only has the cost fallen, 
but the curve still points downwards. Perhaps it is too much to hope 
that in a general supply as in Manchester, the curve will fall as low as 
o'28d., the calculated figure for bulk supply to London; but for the 
sake of argument, we may take the figure 0°35d. as a possible future 
cost, if the load factor increases to 30 per cent. 

Before we can arrive at the price at which electricity can be sold 
without loss, we must add to the total cost an allowance for interest 
and depreciation. The curve I S shows the allowance per unit made in 
Manchester for interest and sinking fund. It will be seen that this 
has now fallen as low as 0'55d. per unit, but it still makes a large 
addition to the price of electricity, and unless the curve IS falls as 
quickly in the future as the curve M, at the time when the cost of 
generation and distribution has fallen to o'35d., the capital charges 
will more than double the price of electricity to the consumer. Еог- 
tunately in Manchester, as we shall see directly, the capital cost of 
extensions is very low, so that we have in sight very low prices for 
electric power where the load factor is reasonably high. 

The curve DI gives the allowance for depreciation and interest on 
the capital of all the electric supply stations in the British Isles, whose 
total cost of generation and distribution is given in curve A. I have 
taken the depreciation at only 34 per cent., and the intercst on capital 
at 4 per cent. It is not my purpose to discuss the rate at which 
depreciation should be taken for various classes of plant. We will take 
an all-round figure of 34 per cent. merely for the purpose of the curve 
DI, which gives in pence per unit the amount which should be added 
to the cost of generation and distribution, before we can arrive at an 
average price per unit which will give a reasonable return on the outlay. 

Now we can see how the older companies are at a disadvantage in 
reducing the price of supply. The capital charge alone amounts to 
1'45d. per unit, so that even if the works costs were reduced to o'25d., 
the companies could not get a reasonable return on their capital with- 
out charging more than 14d. per unit as an average price. Where 
competition is possible, a new company with small capital could so 
much undersell them that the rate of depreciation of their plant would 
become worse than ever. 

This serves sufficiently well to illustrate the great importance of 
low capital cost. | 

Now let us see how the progress of design has helped to make 
a little capital go a long way. 

A great number of factors are all helping in the same direction. 
The steam turbine with its high speed, low cost, and small floor space. 
Improvements in the efficiency, power factor, and lower cost of elec- 
trical machinery. Improvements in materials which the designer em- 
ploys. Improvements in insulation and in cables, which enable higher 
voltages to be used. Improvements in the lay-out of plant, and the 
marshalling of consumers so as to keep up the load factor of the station. 

Vor. 42. 7 | 
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The capital ccst of some power schemes in the past has been more 
than £120 per kilowatt installed. The average capital cost of the older 
supply companies in the British Isles is over £75 per kilowatt. There 
is very little doubt that in the near future complete supply systems will 
be equipped at a total capital cost, varying between £20 and £35 per 
kilowatt, depending on the nature of the district. The generating 
station itself may cost as low as £12 per kilowatt, if of reasonable size. 
In this connection, Mr. Pearce has been good enough to furnish me 
with some interesting figures based on the cost of his recent extensions. 


I. Generating machinerv, including turbine, condenser, 
alternator, and foundations, can be put in at a 
cost of  ... T -— (per kilowatt) — £375 
2. Boilers and steam supply, eluding economisers, super- 
heaters, coal and ash conveyors, foundations, and 
steam pipes, at a Cost ... PA (per kilowatt) £225 
3. Switchgear for generators and feeders, rated at the 
| generator capacity, comes to about (per kilowatt) 4055 
4. If we allow £55 per kilowatt for land, buildings, 5:05 
and accessories, this gives for the station a 


total of  ... s T. ids (per kilowatt) £12:05 


The price of electrical machinery has been rapidly falling, and the 
quality has bcen steadily increasing. The manufacturer, in cutting 
down his weight and his price, is at the same time giving a better 
machine, for, as our knowledge of design proceeds, it becomes possible 
to make improvements in all directions. 

I am able to put before the meeting some photographs which show 


how the performance of electrical machines has improved during the 
last few years. These illustrate :— 


I. А 100-k.w. direct-current generator built five years ago. 

2. A 140-k.w. direct-current generator built on the same frame 
running at the same speed showing improved performance, 
with commutating poles. 

3. A 200-k.w. alternating-current engine-type generator running 
at 300 revs. per minute built five years ago. Efficiency, 
92 per cent. s 

4. А 500-k.w. alternating-current engine-type generator built оп 
the same frame, with efficiency of ọ5 per cent. 

‚ А 1,250-k.v.a. turbo-generator of 25 cycles built five years ago, 

running at 1,500 revs. per minute. 

. А 1,250-k.v.a. turbo-generator of 25 cycles running at the same 

speed, but of one-half the weight, with improved regulation 
and efficiency. 

А 1,875-k.v.a. turbo-generator of 50 cycles built five years ago 

running at 1,500 revs. per minute. 

. A 1,875-К.у.а. turbo-generator of so cycles running at 3,000 


revs. per minute, of onc-third the weight and improved 
performance. 


сл 
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g. A motor converter replacing motor-generators, showing great 
improvement in size and performance. 
IO. А 500-k.w. rotary converter built five years ago. 
II. A 700-k.w. rotary converter of one-half the weight and much 
improved performance. 


If we are to get more and more output out of the same material, we 
must keep in view two lines of procedure. Ordinarily the output of 
a given frame is limited by its temperature rise under load. This can 
be reduced either by— e 


I. Improving the efficiency, so that less heat is produced, or 
2. Making provision for carrying the heat away. 


The first is to be preferred wherever it is possible. 

I. Production of Less Heat.—The improvements made in the last 
four years in the quality of the iron, and in the methods of working 
the iron, have very greatly reduced the iron losses in electrical 
machinery, particularly in the case of transformers, and have, in this 
particular alone, in some cases enabled weights to be reduced by one- 
half. Perhaps further improvement is possible in this direction. It 
would be worth while to make very elaborate, and even costly, experi- 
ments to determine whether any substantial improvement can yet be 
made in the quality of sheet iron used for electrical purposes. 

The unnecessary production of heat has also been prevented in recent 
machines by avoiding undue cddy-current losses in copper conductors, 
_ In high-speed machines heat is sometimes produced by àir friction, 
where a better arrangement ot pants would render them much freer 
from this trouble. 

2. Carrying Away of Heat.—The lines along which improvements 
have been made in the past are :— 


I. Larger surface has been presented to the air. 
' 2. The air is caused to pass quickly through the machine. 
3. Pockets in which the air remains unchanged are avoided. 
4. Care is taken that cold air enters, and the hot air is expelled in 
such a way that it does not return. | 
5. In places where air ventilation cannot be carried out, good 
provision is made for heat conduction. 


Besides getting the very largest possible output from a machine of 
a given cost, there are many other important features to look to; 
features, in fact, which are even more important than small cost. 

A machine must be made reliable, frce from breakdown, require 
little attention, and fulfil its duties in a satisfactory manner. Insulation 
has always been a trouble with the electrical engineer. He would like 
to go to higher voltages to save copper, yet he meets with plenty 
insulation troubles at the voltages now employed. If an official experi- 
mental institution could provide him with thoroughly satisfactory 
insulatórs, that would do more than anything else to cheapen the cost 
of electric supply and add to the general reliability of electrical plant. 


100 LACKIE : ADDRESS AS CHAIRMAN [ Glasgow, 


GLASGOW LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN. 


THE INFLUENCE OF LOAD AND DIVERSITY FACTORS 
ON METHODS OF CHARGING FOR ELECTRICAL 
ENERGY. 


W. W. LACKIE, Member. 
(ABSTRACT.) 


November 10, 1908. 


In looking for a subject on which to address you I am tempted to 
say something on the growth in the demand for electrical energy 
during the few years which have elapsed since the inception of this 
Local Section. From Fig. r, which shows the growth in the demand 
for electrical energy for a few years back, it will be seen that 
the Electricity Department of this City last year sold 32,000,000 units 
to ordinary consumers, and a further 27,000,000 units were used by the 
Tramways Department for tramway purposes, or a total of 59,000,000 
units, representing a revenue of £370,000. To transform this energy at 
least 50,000 H.P. of plant was required. 

Events are likely to prove in the near future that the law relating to 
electricity supply is not sufficiently comprehensive. No doubt it will 
surprise many to hear that the authorised electrical undertakings, both 
in and around Glasgow, are threatened with serious competition from 
what I can only describe as a pirate company. This company, with 
no Parliamentary authority and without any Provisional Order, purposes 
to supply energy in areas allocated to companies and municipalities 
defined by Act of Parliament or Provisional Order, to consumers 
who may have premises which are adjacent to or abut upon railway 
lines or other private way. This is a contingency which does not seem 
to have been contemplated as possible when the Electric Lighting Acts 
were framed, and so far as I can see it is not covered by them. In the 
meantime supply authorities can only hope that something will be done 
to prevent the railway people from allowing their wayleaves to be used 
in this manner. 

Іп 189r, in a paper entitled “Тһе Cost of Distribution and Genera- 
tion of Electrical Energy," Colonel Crompton first brought the subject 
of load factors properly before this Institution.* Last year a paper 


* Fournal, Institution of Electrical Engineers, vol. 23, p. 396, 1894. 
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was read by Mr. А. M. Taylor, entitled, * Central Station Supply 
Economies : Their Study, and What it Promises in the Way of a Cheaper 
Supply."* In this Mr. Taylor referred to five factors: the plant 
load factor, the station load factor, the consumers’ load factor, the 
internal diversity factor, and the unrealised diversity factor. These 
factors were defined as follows :— 


I. The plant load factor was stated to be the ratio of the average 
load on the generators taken over the year to their aggre- 
gate rated power (not overload) but including spares. 


Millions of units. 


This is not the usually accepted definition of plant load factor, but is 
really the load factor of the total plant as distinguished from the load 
factor of the plant actually run. 


2. The station load factor was given as the ratio of the average 
-- load on the station feeders taken over the year to the 
maximum observed load on the station. 


* Journal, Institution of Electrical Engineers, vol. 39, р. 364, 1907. 
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This is the annual load factor, as ТЕЛЕДІ to іп Pw Electrical 
Times and to which I will refer ді 


E The consumers' load Е 15 the edd of the average load 
going out or absorbed by consumers’ apparatus to the 
maximum possible capable of being absorbed or given out. 


In my opinion this is not a load factor at all but a diversity factor. 


4. The internal diversity factor is applied^ to a motor load and 
represents at any instant the number of times which the sum 
of all the maximum loads on consumers' premises exceeds 
that observed at the central station. 

5. The unrealised diversity factor is the amount by which the 
observed diversity factor falls short of what it should be to 
satisfy the equation ; consumers' load factor, multiplied by 
diversity factor, equals station load factor. 


The Electrical Times states that the load factor equals the ratio of 
the actual output in units delivered to consumers, to the possible 
output, if the maximum load were constantly in use с throughout the 
усаг, i.e.— 


No. І Load Faclor— 


Number of units s sold 
Maximum load on feeders in kilowatts x hours of 
supply period 


x 100 = = X рег cent., 


and the same authority defines the diversity factor as the ratio of the 
actual load on feeders to the sum of the actual demand of all consumers, 
or— 


the maximum load on feeders i in kilowatts 
the sum of consumers’ maximum demands 
in kilowatts 


100 = X per cent., 


What the Electrical Times refers to is what is generally called the load 
factor, and taking the hours of the supply period as a year it is 
frequently called the annual load factor. But other load factors are 
regularly referred to, such as the plant load factor ane the average load 
factor. 

It will be observed from the Electrical Times definition that the 
hours of the supply period may be an 8-hour shift, a day of 24 hours, 
a week, a month, or a year. А year of 8,760 hours—i.e., 365 days of 24 
hours—is the supply period to be taken when dealing with such items as 
interest, sinking fund, and depreciation or salaries, as these are yearly 
charges ; but coal at least, and probably oil and other stores, are items to 
be dealt with by the hour, week, or month, or the actual supply period. 

The load factor in any electrical engineering busimess for a year 
would be the ratio of the actual amount of business done to:what could 
have been done had the state of trade continued to be the same as 
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when the maximum number of men was employed for the usual 
number of hours. In discussing the load factors of a unit of plant in an 
electricity works, it must be looked upon as being capable of running 
24 hours per day fully loaded. That is to say, if each kilowatt of plant 
in an electricity works generated 8,760 units per annum, the load factor 
would be 100 percent. The load factor looked at from this point 
of view, which is probably the most important one, is in practice some- 
thing between roand 4o per cent. of the possible. There are, however, 
other load factors of interest which are regularly used, and have a 


bearing on the running of the generating station. They are as 
follows :— 


I. The Load Factor as given by the Electrical Times— 


The ratio of the actual units generated 


maximum demand in kilowatts x hours , 


or— 
the average load 


жат ыш ee ee SC ТОО, 
the maximum load 


2. Plant Load Factor— 
The ratio of the actual units generated 


------------------------------- X 100, 
the maximum power of plant running X 24 


ог-- 
the average load 
the maximum of plant running 
This will be less than No. 1 unless the plant has been overloaded. 
3. The Kennedy Load Factor— 


100. ‚ 


The ratio of the actual units generated 
the units that could be generated if all the piant < 
actually run had been fully loaded for the 


_ time it was running 
or— 


the average load 


possible output with plant running Ses 


4. Station Load Factor— 


the actual units gencrated 


The ratio of the capacity of the station X 24 


X 100, 
or— 
the average load 
the capacity of the station 


Take first the load curve of a day in December when the demand 
- for electrical energy іп a commercial city like Glasgow is at its maxi-- 
mum. At midnight it will be noted (see Fig. 2) that there is a demand 
of nearly 5,000 k.w. From 12 midnight till 5.30 a.m, the load is fairly 
steady. At 6 a.m. the demand increases from 3,000 k.w. to 9,300 k.w., 
and this continues till about 9 a.m., when there is a. decided drop. 
On the other hand, a number of offices and basements of business 
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premises, which from the nature of their situation require artificial 
light all the time they are in use, come on the mains. From ro till 
nearly 1 o'clock p.m. the load is fairly constant unless the sudden 
descent of a fog upon the city creates a large immediate demand for 
light equal to a further 10,000 k.w. Eliminating, however, the fog ele- 
ment, from 1 to 2 p.m. the demand decreases, due to works shutting 
-down for dinner or lunch hour. From 2 to 6 p.m. the demand varies 
.from minute to minute, gradually increasing to practically 21,000 k.w. 
. from 3 to 5 p.m., due to the demand for light caused by natural darkness. 


RESSNSBEERDEEDSRERIBEERERE 
He -55---- FAT 
tert Winter load | || 

A TT 


I П 
mu "a Midnight 


From 5 to 7 p.m. the demand again falls rapidly owing to the closing 
of offices and business premises. From 7 to 11 p.m. there is a gradual 
fall. At7p.m. a slight decrease in the rate of fall occurs when the 
theatres and domestic consumers come on, but from 7 p.m. till mid- 
night there is a continual falling off of load until at 12 midnight it 
is practically what we started with. On a day such as I have described 
there would be something like 185,000 units of electrical energy 
generated, but there was plant available at the works to mect a demand 
of 24,000 k.w., or 567,000 units could have been sent out if there had 
been a demand for this quantitv equally spread over the 24 hours of 
the day. 
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Take a similar load curve in a clear month, say August. From 
12 midnight till 2 a.m. the load is steady, but at 2 a.m. there is a drop 
which is maintained till 5.30 a.m. Naturally, the same changes go on 
from 6 a.m. till 3 p.m., as were noted in the curve for December ; but as 
there is no need for artificial light between 3 and 5 p.m. in August 
there is neither a rise in demand during these hours nor a falling off 
thereafter to the same extent. The day load at this time arises, of 
course, from the demand for energy for power purposes plus the light- 
ing demand from premises which require artificial light all day summer 
and winter, the maximum demand made being only 6,300 k.w. as 
against 22,000 k.w. in the winter month. Going back now to the load 
curve of a winter's day the following load-factor figures will be found 
interesting. In these works there would be sold roughly 32,000,000 
units and the maximum demand 22,000 k.w., so that the load factors 
would be as follows :— 


I. The Annual Load Factor— 
TI 32,000,000 X 100 
aad P оо k.w. X 8,760 
2. Plant Load Factor for the Day (Winter)— 


The ratio of бо коо == 35 per cent. 
22,000 X 24 


==16°8 per cent. for the year. 


3. Aennedy Load Faclor— 


The ratio of 195.099.100 = 77 рег cent. 
240,000 
4. Station Load Factor for the Day— 


185,00 X 100 
24,000 X 24 


The ratio of = 30 per cent. 
For the summer load curve the figures are :— 
1. Load Factor— 
88,000 К.м. X 100 __ II per cent. (with relation to the 


The ratio of ———— == 
22,000 k.w. X 24 years maximum demand). 


88,000 X 100 


The ratio of 
0,300 X 24 


= 58 per cent. (day’s minimum demand). 


2. Plant Load Factor— 


88,000 x 100 _ l 
The ratio of "Boon 24 = 45'5 per cent. 


3. Kennedy Load Factor— 


88,000 X 100 
104,000 


The ratio of = 84 per cent. 


4. Slalion Load Factor— 


The ratio of 22 000 X ыы, == I4 per cent. 
26,000 X 24 | 
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The first load factor, the year's load factor given in the Electrical 
Times, shows that on the average for the year the plant has only been 
called upon to send out 16:8 per cent. of the possible, or in other words, 
it has only been used for the equivalent of 16:8 per cent. of 24 hours 
рег day, or, say, 4 hours рег day out of the 24 each day throughout 
the year. 

The second load factor, that for one day, shows the ratio of output 
for the station to the amount of enérgy which would have been sent out 
if the maximum demand had continued for the whole 24 hours of that 
day; and in this case it is 35 per cent., equal to the average use 
of the plant for 84 hours if running fully loaded. 

The Kennedy load factor or the running plant load factor is one of 
great practical importance. It is the ratio of the actual units generated 
to the units that could have been generated by the plant if the latter 
had been fully loaded during the time it was actually running. This 
factor is, as a rule, over 50 per cent., and it may be over 8o per cent. 
It has a direct bearing on the amount of steam consumed, and conse- 
quently on the coal used per unit. If high, it shows that the 
engineer is only running what plant is actually necessary to meet 
the demand, and is not running a number of sets at, say, half or one- 
third load when one set would do. 

The fourth load factor is the ratio of the actual units generated 
to the capacity of the plant in the works, multiplied by 24 hours 
or 8,760 hours, depending upon whether it is to be a daily or a yearly 
factor. "This factor docs not give any very useful figure, for if astation 
has 25 or 50 per cent. more plant than is ever actually required, this 
can have little or no bearing on the cost of energy, although where it 
is extremely low it shows that there is an excessive amount of spare 
plant. ы 

То show the importance of the first load factor, the question of 
interest, sinking fund, and depreciation in an electricity works may be 
taken. Suppose there is a generating station with an aggregate plant 
installed of 1,200 k.w. If this station were called upon to supply its 
maximum Output, say 1,000 k.w. (allowing 200 k.w. as standby plant), 
for 8,760 hours in the year, it would send out 8,760,000 units. The 
probable capital expenditure on this station would be £80,000, and 
taking interest, sinking fund, and depreciation at ro per cent. the 
annual charge for these items would be £8,000. It follows that the 
cost of these items per unit, if the station was run fully loaded through- 
out the year, would be o'218d. per unit. Such a state of affairs is the 
dream of every supply engineer, If this plant were used for supplying 
energy for private power purposes only, the units generated would be 
about 3,000,000. ‘Ihe cost per unit therefore for interest, etc., for this 
power supply would be o'64d. per unit, or three times as great as in 
our ideal running. If the supply of energy from these works was used 
for lighting purposes only, the units generated would probably be 
1,000,000, and the cost per unit for interest, etc., would be raised to 
rod. per unit or nearly nine times the figure of the ideal state and three 
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times the amount given when the supply was taken for power purposes. 
It is to be noted that the cost per kilowatt per annum is the same in 
every case, namely, £8. 

The wage bill in this station would probably amount to some £1,825 
per annum, and the cost of labour per unit under the ideal condition— 
i.c., the station turning out 8,760,000 units—would be о`о54. The labour 
bill, when the supply of energy was for power purposes only, would be 
0'1754. per unit, and when the supply was used for lighting purposes 
only it would be 0°438d. per unit. In every case it is to be noted that 
the cost for wages is £1 16s. 6d. per kilowatt per annum, irrespective 
of the output in units. 

These figures give a total cost per kilowatt for interest, sinking 
fund, depreciation, and wages, of Го 16s. 6d., irrespective of works 
cost, or for an average power supply о’8154. per unit, and for а 
lighting supply 2:338d. per unit. The reason for suggesting that the 
rates should be increased on account of the rise of the metal filament 
lamps is not that energy has been sold at under cost price, but that the 
supply stations may find themselves for a year or two with excessive 
plant upon which interest and depreciation will be charged. 

Undoubtedly the proper way to state the cost of electrical energy 
is to put the items down at not so much per unit but at so much per 
kilowatt or per horse-power per annum. In the case just stated the 
interest, sinking fund, and depreciation equal £8 per kilowatt, and the 
wages are £1 16s. 6d. per kilowatt per annum irrespective of the actual 
number of units generated. There is, of course, a figure of 1d. or 34. 
per unit to add to this for coal, oil, and stores. I hope to show later on 
how this figure of £9 16s. 6d. is reduced by the diversity factor. Not 
only so, but the item of coal per unit, which at first would seem to be 
the same for each unit no matter how the energy generated was 
absorbed, will be found to be seriously affected by the number of units 
each kilowatt or each 1,000 k.w. turns out. In other words, we shall sec 
that the load factor has a direct bearing on the cost of coal per unit. 

From tests made it has been found that a boiler having a heating 
area of 4,000 sq. ft. with its corresponding pipes and valves and fittings 
to maintain a pressure of 200 lbs. per square inch, Шы. 92 lbs. of 
coal per hour while supplying no steam. 

I will now refer to a hypothetical load curve of such a boiler 
supplying a lighting load. It will be seen that from 12 midnight till 
3 p.m. fuel at the rate of 92 lbs. per hour is required to keep the 
boiler going, but from 3 p.m. till about 5.30 p.m. coalat the rate of 
2,000 lbs. per hour is taken, whereas from 5.30 to 12 midnight only 
92 №5. of coal per hour is used. This boiler would be called upon 
to supply steam to generating plant, which would in turn generate 
1,400 units or kilowatt-hours, and the total coal used for the day would 
amount to about 9,300 lbs., so that the amount of coal used per unit 

generated would be nearly 7 lbs. Take the same boiler supplying steam 
toa purely power load. In this case some 21,000 lbs. of coal would be 
consumed in 24 hours, and 6,500 units generated, giving a result of just 
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over 3 lbs. of coal consumed per unit generated. The cause of the dis- 
crepancy between these two figures is obviously the comparatively small 
amount of standby coal, in proportion to the total use in the second case. 
In the case of a lighting load almost as much coal is used keeping up the 
boiler pressure, although steam is not required, as the amount needed 
to give the full output of the boiler for the 2} hours it is called upon to 
do full duty. If a demand necessitating use of the boiler for 24 hours 
per day could be got, the coal consumed would be 48,000 lbs., and the 
corresponding kilowatt-hours would be 20,000 or 274 lbs. of coal per unit. 


100% 


5 


Load factor. 
CA 
% 


о 1 2 3 4 5 
Lbs. of coal per unit. 


FIG. 3. 


The curve in Fig. 3 shows approximately the pounds of coal consumed 
with varying load factors or hours per day use of the boiler plant. 

In case of a lighting load the ratio of units generated—namely, 
I,400—to the maximum possible (20,000) is 7 per cent. 

In case of a purely power load the ratio of 6,500 to 20,000 or 33 per 
cent. ; and the combined load factor of equal lighting and power 
demands is 197 per cent. In the case of equal output in units, of 
lighting and power, the ratio will be 13:5 per cent. For an equal 
output in units for lighting and equal output in units for power, 
roughly three times the amount of plant is required for lighting as 
compared with power—or alternatively—with equal plant roughly 
three times as many units will be generated for a power supply as 
compared with a lighting supply. 
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It will therefore be seen from all this that the cost of coal per unit 
for a power load will be less than one-half of that for coal per unit 
on a lighting load. It has also to be remembered that there are 
always one or two boilers using 92 lbs. of coal per hour for 24 hours, 
and supplying no steam or units at all. 

While it is of interest to know what each individual consumer's 
load factor is, the supply engineer must look more to what is the load 
factor on the station created by the aggregate demand of all the 
consumers added together. This will be higher than the individual 
load factor of the majority of the consumers, and must be one of 
the main hopes that the public supplier has of being able to offer 
energy at a lower rate per unit than the individual consumer can 
generate for himself with a private plant. 

If an individual consumer has a better load justos than the com- 
bined load factor of the station he should get the benefit of a lower 
price. 

The diversity factor given in the Electrical Times is that for the 
whole station, but the diversity factor for a lighting supply is very 
different from that of a power supply. We have, further, really 
three diversity factors, namely :— 

Number one, which I will call the “individual” diversity factor. 
This is the ratio of the maximum demand in kilowatts or equivalent 
° horse-power made by the individual consumer, to the total kilowatts 
or equivalent horse-power of lamps or motors installed by him in his 
premises. 

Number two, which I will call the * collective" diversity factor. 
This is a ratio of the kilowatts of maximum demand made on the 
station to the kilowatts of lamps and motors installed. 

Number three, which may be taken as the “true” diversity 
factor. This is the ratio of the maximum demand on the station 
to the sum of the maximum demands made by the consumers. There 
cannot, I think, be any relation between the diversity factor and the 
load factor on a lightning demand, although in a power supply there 
may be some ratio between these two factors. Probably the worse the 
load factor the greater the diversity factor ; but there are exceptions 
te this. Mr. Taylor maintains that the diversity factor is a reciprocal 
of the load factor, but I hardly think that this has yet been proved. 
An excellent example of the diversity factor is given by our tramway 
system in Glasgow. Each car is equipped with two 35-H.P. motors, 
and frequently this amount of power is required by each car. The 
aggregate horse-hower of motors on all the cars amounts approximately 
to 45,000 H.P., while this possible demand is met by some 7,000 or 
8,000 H.P. in the generating station. This shows a diversity factor of 
about 5:9, or stated as a percentage, 17 per cent. Such an instance 
represents a large diversity factor, and it also represents a large load 
factor on the generating station. The load factor of each motor 
may be bad, and so meet Mr. Taylor's views. 

I now wish to show how all this affects the cost per unit. 


110 LACKIE: ADDRESS AS CHAIRMAN [Glasgow, 
е 
Supposing we have 100 consumers taking electrical energy for lighting 
purposes only, and that each of these consumers applies for 160 
64-watt lamps, or, say, то k.w. per consumer. If all the consumers 
actually used the whole of their lamps at one and the same time it 
would necessitate installing plant of 1,000 k.w., at a capital cost of, 
say, £80,000. That is to say, each consumer would cost {£800 of 
capital expenditure, and if we again take interest and depreciation at 
IO per cent, each consumer should pay a minimum bill of £80 per 
annum or £8 per kilowatt per annum (ignoring in the meantime the 
works’ costs, i.e., coal, oil, and stores). "There is no diversity factor 
here, or the diversity factor is 100 per cent. It may happen that 
ten of these consumers are churches, making their demand of 
IO k.w. each on Sundays only, and another ten may be theatres 
with a demand of то k.w. cach, and only coming on to the mains 
after 7 p.m., while the other eighty consumers come on with their 
demand of 800 k.w. between 3 and 7 p.m. on week days only. 
The result of this combination is that only 8oo k.w. is required, and 
the capital cost will be reduced to £64,000, and the minimum bill 
to each consumer would be reduced to £64.. The maximum demand 
of the plant is now only 8oo k.w., but the maximum demand of all 
the consumers added together is still 1,000 k.w. The diversity 


factor is in this case, according to the Electrical Times, equal to 
s X 100 = бо per cent., or, in other words, the charges are only 
80 per cent. of what they are in the former case. The probable 
consumption of these consumers would be 1,000,000 units per annum, 
and consequently the interest, sinking fund, and depreciation would 
be £6,400 divided by 1,000,000 units = 1°54d. per unit. It is found 
in actual practice that 80 per cent. of the maximum demand of 
lighting consumers come on between 3 and 6 p.m. in the winter 
months only, whereas in the case of power supplies there is no such 
natural law, and if we had roo other consumers taking a supply for 
power purposes, and each applying for 10 k.w. only, some 330 
further kilowatts of plant would require to be put down although each 
of the roo power consumers might apply for 10 k.w. These figures 
are not to be taken as absolute. At the commencement of an 
electricity supply the diversity factor will be smaller, and the kilowatts 
of plant required per kilowatt applied for will be greater. Never more 
than from so to 60 per cent. is demanded at one-time by each con- 
sumer, and collectively on the station not more than 33 per cent. by all 
the consumers. The capital cost necessarv for a supply to these 
power consumers will be £24,000 as against £64,000 for the lighting 
consumers. This means that each power consumer is responsible 
for £240 only of capital expenditure, as against £640 in the case of 
the lighting consumers, and the minimum bill: required therefore 
from each power consumer would only amount to £24 in place of 
£64 asked from the lighting consumer for his ro k.w. applied for. 
Probably the units generated to supply these тоо power consumers 
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would amount to 900,000, so that the charge per unit for interest, 
sinking fund, and depreciation, taking it collectively at то per cent., 
will be £2,400 divided by 900,000 = o'64d. per unit, as compared with 
1°54d. for the lighting consumer. In order to make these remarks of 
practical use, I have prepated Table I showing the cost рег horse-power 
per annum in some trades. This table, in column r, gives the number 
of consumers represented in column 2; column 3 gives the total 
horse-power of plant of these consumers ; column 4 gives the apparent 
load factor of the particular trade, ignoring the diversity factor ; 
column 5 gives the diversity factor, horse-power of maximum demand to 
horse-power installed ; column 6 gives the revenue per horse-power 
of maximum demand; column 7 gives the revenue per horse-power 
installed. The interesting figures to the supply station are those at 
the end. There were 3,583 motors connected to the Corporation 
mains as at May, 1908, and these were used for 113 different trades 
or purposes. The load factor on the station from these works out, as 
near as I can make it, at 38 per cent., although there is some difficulty 
in making it up accurately owing to the number of motors varying each 
month. 

The load factor on the station will approximately be the same 
for all the trades, but the diversity factor will be widely different. 

The diversity factors from the station engineer's point of view 
are as follows :— 


Individual diversity factor (the ratio of the maximum demand 
in horse-power of all the consumers added together to the 
horse-power installed) equals 66 per cent. 

Installed diversity factor (the ratio" of maximum demand on the 
station to the horse-power installed) equals 25 per cent. 
True diversity factor (the ratio of the maximum demand on the 
station to the sum of the consumers maximum demand) 

equals 37 per cent. 


The figure of £10 per horse-power of maximum demand on the station 
may at first sight be considered high, but if you consider for a 
moment that the plant earning £3 13s. 4d. per horse-power from bakeries 
is again used during the day by engineers, ctc., earning a further 
£6 9s, you will see that the sum is not far wrong. I would also 
point out that while hoists (for instance) only give £2 os. 3d. per 
horse-power individually, the true diversity factor—that is, the ratio of the 
maximum demand on the station to the maximum demand of the 
individual hoists added together—is in the order of 20 per cent., so 
that the revenue per horse-power of maximum demand on the station 
is 5 X £2 os. 3d., or just over £10. This is also further a diversity 
factor amongst all or during the day. 

It would therefore seem that a fair method of charging would 
be some such figure as £6 per kilowatt of maximum demand for 
lighting, and £4 per kilowatt of maximum demand for power, plus 
the cost of coal and other stores per unit.. To meet the lighting 
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consumers’ convenience in Glasgow the £6 is divided up into 730 
equal payments, and in the case of the power consumer the £4 into 
1,000 equal payments; but if a set of consumers do not use their 
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Horse-power individual maximum demand 


- = 66 per cent. 
Horse-power installed Р 


Horse-power maximum demand on station 


== 25 per cent. 
Horse-power installed 5P 


Horse-power maximum demand on station 


1 8571 М == е ent. 
Horse-power individual maximum demand 37 per cent 


maximum demand for 730 and 1,000 hours respectively, they do not 
pay all their standing charges, and are therefore a loss to the under- 
taking notwithstanding the fact that throughout they have to pay 
the higher or initial rate under the maximum demand system. Іп 
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other words, a consumer paying the maximum charge per unit allowed 
by the Board of Trade (say 6d. or even 8d.) may be an unprofitable 
consumer, while an industrial user paying 3d. per unit throughout for a 
long-hour power supply will make a solid contribution to the profits of 
the supply undertaking. All the figures I have used are based on a 
capital cost per kilowatt of £80. If the capital cost is greater than 
£80 per kilowatt the figures will be increased proportionally and 
vice versá. 

This, then, is the principle underlying the maximum demand system 
of charging as used in Glasgow.  ]t has frequently been said that 
this system is not a fair one because it fails in certain cases to take 
into account the time at which the maximum demand occurs. This 
is not really the case, however. In all public supplies thete are the 
fixed charges already referred to, and the basis of the maximum 
demand system is that the fixed charges should be divided amongst 
the consumers in proportion to their respective demands. If the 
maximum demand of all the consumers occurred at the same time 
(which would make the maximum demand of all the consumers equal 
to the maximum demand оп the station and roughly equal to-the 
station plant), it is clear that the maximum demand system would take 
into account the time at which the maximum demand occurred. 
Suppose, however, that two of the consumers make their demand at 
some time other than that at which the demand of all the remaining 
consumers come on, it is evident that the maximum demand of the 
whole of the consumers added together will be greater, to the extent of 
the maximum demand of these two consumers, than the maximum 
demand on the station at any one time, and consequently the plant in the 
station in the corresponding standing charges will be proportionately 
less. This means that the standing charges are reduced, but they are 
still divided amongst all the consumers equally in proportion to their 
maximum demand, so that even in this case the maximum demand 
system takes cognizance of (Ме time when the maximum demand 
occurs, by reducing the charge to the whole of the consumers. 1 do 
not mean that the maximum demand system indicates or recognises 
the actual hour at which the maximum demand of any particular class 
of consumer occurs, but it does recognise the extent to which the 
aggregate maximum demand of all the consumers does not occur 
simullancously ; and the system is equitable and fair on account of 
this very fact. 

In the supply of energy for lighting and power we have to тесі 
two entirely different sets of conditions. The power load is practically 
uniform without a peak for nine hours a day and 300 days in the year ; 
while the lighting load has a very pronounced peak for about two 
hours in the winter afternoons. The lighting load is, of course, at its 
maximum in winter and at its minimum in summer. Until some 
means have been devised of overcoming these varying conditions, it 
will continue to be necessary to differentiate between the charges for 
lighting and those for power supplies. 

VOL. 42. 8 
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I have here some curves showing (see Fig. 4) the demands for light- 
ing and power in Glasgow since 1901, from which it will be seen that 
the lighting demand, while it is still on the increase, is growing ina 
decreasing ratio as compared with the power demand, and next year 
it is anticipated that the power demand will exceed that for lighting. 
If we take the units used for tramway purposes and add them to the 
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units used for power purposes delivered from the Electricity Depart- 
ment for last year, we find that 42,000,000 units were used for power 
purposes, and 15,000,000 for lighting, or 26 per cent. of the total units 
generated were used for lighting. 

The density factor does not come within the province of this 
subject, as it affects the capital cost of mains, and I have кот 


refrained from referring to it. 
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DUBLIN LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN. 
GEORGE F. PILDITCH, Member. 


(ABSTRACT.) 
November 12, 1908. 


In my address to-night I purpose dealing with the question of 
electricity supply within purely residential districts. It is not my 
intention to discuss the subject from an enginecring or technical point 
of view, but rather to consider its commercial aspects, and to refer 
to some of the obstacles to the attainment of a reasonable measure 
of success. 

Perhaps of all the adverse conditions under which such under- 
takings have to work their poor load factor is the worst, and so long as 
a district remains purely residential there can be but little prospect of 
a material alteration in this respect. The load must of necessity remain 
practically of one class. There cannot be much demand for energy 
unless, of course, it be used for tramways ; but that, I think, is seldom 
the case, as the tramway system is rarely a purely local concern, and 
the energy required is generally supplied from the generating works 
of the town or city in which the tramway operations are principally 
conducted. Practically, then, the only apparent means of improving 
the load factor is by an extended use of electric heating apparatus 
and cooking utensils, principally the latter, as these would generally 
be in use during the greater part of the day. Whether this can be 
effected to any really appreciable extent, in my opinion, rests more 
with the makers of such apparatus and utensils than with the supply 
authorities. In almost every case current for heating and cooking 
purposes can be obtained at quite a reasonable figure, and yet, except 
in a very few cases, consumers cannot be persuaded to make use of 
it for that purpose because of the high initial cost of the apparatus. 
The makers tell us, of course, that it is not the cost of the apparatus, 
but the cost of the wiring that is the deterrent. ‘That may possibly 
be the case where the question of heating is under consideration, as, 
owing to the radiators being required in different parts of the house, 
the wiring becomes a fairly expensive item. Cooking utensils, on the 
other hand, are usually required to fulfil their duty in one room— 
the kitchen; and in almost every case the supply authorities’ mains 
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terminate quite handy to, if not actually in, the kitchen, so that it 
is possible to run the necessary additional wires for quite a trifling 
amount. It can be demonstrated that the current consumed for cook- 
ing purposes is not by any means an expensive item; if the utensils 
could be purchased for anything approaching the price of ordinary 
cooking utensils, I am sure that very few would object to pay for 
the additional wiring. 

Another adverse condition which has to be faced is the fact that 
in almost all residential districts the houses are situated some distance 
from the road, with long intervening gardens, with the result that 
the services from the supply mains are very expensive, and in many 
cases out of all proportion to the revenue yielded. In Rathmines, for 
instance, the average length of cable used per house is about 55 ft., and 
the cost of the services on the solid system works out at about £7 each. 
This is a very big outlay, especially having regard to the fact that 
in some cases the revenue per consumer only amounts to about £1 or 
ЖІ 5s. per annum, the average revenue being about #6. It is difficult 
to see how the cost of services can be very materially reduced. They 
have been brought down to an average of about £5 Ios. per service in 
Rathmines by using steel-armoured cable laid direct in the ground, 
but a very much cheaper service than that is wanted for small 
consumers. It is customary in some places, I believe, to supply 
several very small consumers from one service, such, for instance, 
as а row of workmen's cottages. I sce no objection to this provided 
the cottages are owned by the supply authority, but if they are in 
other hands, and particularly if they are owned by more than one 
party, the arrangement is likely to prove troublesome, since every 
single consumer in each group some time or other comes to the 
conclusion that his meter is registering some of the electricity that 
is being used by his neighbours. And when that conclusion gets a real 
hold on the consumer the electrical engineer has an experience that 
teaches him how inadequate are his argumentative faculties. 

Now let us consider another point, and a most important one— 
namely, the task of securing new business. I think we may take it that 
a few undertakings supplying residential districts are wealthy enough 
to support a separate publicity department. Yet it is absolutely 
necessary that even the very existence of the electric supply under- 
taking should be regularly proclaimed, and the manifold advantages 
of the use of electricity constantly brought before the notice of the 
residents. If this is neglected it will be found that after the first year 
or two, when the novelty of the thing has worn off, new business will 
come in but very slowly. It is not merely sufficient to distribute 
literature broadcast in one fell swoop. I tried the effect of this 
some time ago in Rathmines by issuing two thousand copies of a 
pamphlet dealing with the advantages to be derived from the use 
of electricity in the household. On the last page there was a special 
notice requesting all who desired further particulars to communicate 
with the resident engineer at the electricity works, but although two 
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thousand of the residents received the pamphlet only three of them 
asked for further particulars. The results of the pamphlet alone being 
so disappointing, I tried the effect of putting on a canvasser to follow 
up the pamphlet, and for this purpose I selected the meter reader. In 
making this selection I was prompted by the fact that the meter reader 
is well acquainted with the district, and, further, that he is able to give 
reliable information as to the consumption for the different classes 
of houses. At Rathmines the remuneration for canvassing is made 
dependent upon the results, and based on the additional lamp соппсс- 
tions. By this arrangement the undertaking is not put to any expense 
unless a new consumer is actually obtained, and it offers an induce- 
ment to the canvasser to use every effort to obtain consumers. 
Since we have been working in this way we have maintained quite 
a healthy and steady increase in our lamp connections. 

As an accessory to the canvassing, however, there seems to me to 
be а well-dcfined necessity for some sort of educational literature, such 
as the class of literature which the London undertakings are issuing 
regularly. Of course, a production of this kind is expensive, but asa 
large number of undertakings in London, both company Апа municipal, 
are concerned in the publication to which I refer, the average cost, 
no doubt, is quite moderate. To small individual undertakings such 
a thing is, of course, impossible on account of its cost, but it seems 
to me that something could be done in this way on the co-operative 
principle, so that the benefit of a system of literature distribution 
regularly and thoroughly carried out could be obtained on economical 
lines. 

I am bound to confess that I do not believe in local electrical 
exhibitions. In my opinion the majority of people who patronise these 
exhibitions do so merely to pass away a pleasant and inexpensive hour 
or two during the evening. Some few, no doubt, are genuinely 
interested, but the effect on them is not sufficiently lasting to do any 
real good. I would prefer to see something in the nature of permanent 
showrooms, where the local wiring contractors could exhibit their 
fittings under proper conditions in co-operation with the supply 
authority. The showrooms should be situated in the best part of 
the district, and at the same place accommodation should be provided 
for the collector and canvasser, so that inquirers could get all informa- 
tion they desire. An occasional demonstration of electrical cooking 
might be given with advantage, as I am sure that it is a good thing 
to keep continually before the notice of consumers the fact that cook- 
ing can be both well and cheaply done by means of electricity. 

Now let me emphasise a further difficulty. I have stated that in 
Rathmines, since the pamphlet has been issued and a canvasser 
has been at work, our lamp connections have maintained a steady 
rate of increase. Yet there is this striking fact that, after eight 
years working, we are only supplying about one-fifth of the total 
number of houses in the township. The reason is not difficult to see, 
and it is this: The majority of houses are held under yearly or, 
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perhaps, three-yearly tenancies. The tenants, although, perhaps, very 
anxious to have a better and cleaner light than gas or oil, are not pre- 
pared to spend money on the wiring of somebody else's property, 
especially as the greater part of the installation must be left behind 
when they leave. Оп the other hand, the landlords will not spend 
money on having their houses wired so long as they can continue to let 
them without doing so. A cheap form of wiring—such, for instance, as 
a good surface system or flexible wiring as used on the Continent— 
would get over this difficulty to some extent, but not altogether. In 
order to make any real headway it must be possible for the supply 
authorities to put in installations free of all cost either to the landlords 
or tenants, and to charge a small rental for the use of the same. 

Unfortunately, as matters stand at present, it is a difficult matter 
for a small local authority to obtain powers to raise a loan for sucha 
purpose as this. It is necessary to go to Parliament for the powers, 
and as it would be quite out of the question, of course, to promote a Bill 
for this purpose, it can only be done by inserting a suitable clause in an 
omnibus Bill. Of course, a local authority can enter into negotiations 
with a company to carry out the wiring, but for. various reasons this is 
not satisfactory. Many landlords, too, will not allow a company to wire 
their houses, though they would not have the least objection to the 
local authority doing so. But the great obstacle is that by an arrange- 
ment with a company really low rentals are not assured. It does not 
necessarily follow that because a'local authority is able to raise a loan 
for the purpose of wiring houses that it should actually carry out the 
wiring work. If we were able to get money for this purpose in 
Rathmines, my recommendation would be that the wiring work should 
be carried out by the local contractors in competition, that cach installa- 
tion be paid for in cash, and that the Council recoup itself for the outlay 
by the rentals received. I believe that by the aid of some such scheme 
as this the demand for electricity would be effectively cultivated, 
especially where the charges for the supply as well as the rentals for 
the installation are moderate. 

This brings me to the tariff question. For lighting purposes I am 
strongly in favour of a flat rate, particularly in residential districts, 
where there is so little difference between the consumers’ hours of 
lighting. I admit that it is not an ideal system from the supply 
authorities’ point of view, but, after all, we must consider the consumers 
first, and what the average consumer wants is to be able to switch on 
as many lamps as he requircs at any time, and to know that so long as 
they are in use they are consuming electricity at a definite price per 
unit, whether one lamp ог all the lamps in the house аге alight. He 
does not want to feel that in order to keep down the charge per unit he 
is restricted to the use of a certain number of lamps being alight at one 
time, because the thing then becomes a nuisance to him. - Quite apart 
from this, I believe that it is less difficult to obtain new consumers if 
they are offered the supply at a fixed rate per unit. 

As regards the probable effect of metal filament lamps on electricity 
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supply undertakings, I do not think there will be such a serious falling 
off in the demand as some engineers anticipate. Up to the present the 
majority of consumers have contented themselves with less light than 
they would like to have in order to keep down their lighting bills ; but 
now that they can get the extra light without adding to its cost, I 
believe it will be found that most of them will do so. Possibly a good 
many consumers supplied from an alternating-current system will 
adopt lower voltages in order to obtain the benefit of the corresponding 
lower candle-power lamps in their private houses, but I believe when 
they find that their bills are so much lower they will increase the 
number of lamps and make more use of the light generally, with the 
result that the consumption per consumer will probablv not be very 
much, if anything, less than when carbon filament lamps were in use. 
Of course, it will take some little time for this state of things to come 
about, but the change to metal filament lamps will also be a gradual 
one. Then, again, when it becomes generally known that so much 
more efficient lamps can be obtained, there is bound to be a large 
increase in the number of consumers. I certainly think it would be a 
great mistake to increase the price of current on account of a possible 
decrease іп the demand per consumer. I believe such a step, if taken 
generally, would give a decided set back to the industry, and would 
place it in practically the same position that it was in before the metal 
fiament lamp came to its aid. 

Lastlv, a word or two on the subject of lighting the side strects of 
the district. Arc lighting is not generally required in any but the main 
thoroughfares, and up to the present there has been some difficulty in 
competing with gas for the lighting of the side streets. Carbon filament 
lamps have been used pretty generally up to the present, but they have 
not proved altogether satisfactory. A 32-c.p. lamp in each post is not 
sufficient to light a street properly, even though it be a quiet one, and 
anything beyond that becomes prohibitive owing to the large consump- 
tion of current. Small enclosed arc lamps, of course, are excellent 
from a lighting point of view, but the cost of trimming and upkeep puts 
them .out of court. It seems to me that the solution of the problem 
will be found in the use of metal filament lamps. High candle-power 
lamps can be used, and I think in the majority of places the cost would 
not work out more expensive than with incandescent gas burners 
of equal candle-power. Metal filament lamps are vastly superior to 
incandescent gas mantles for street-lighting, in at any rate one respect 
— namely, that the candle-power remains practically constant through- 
out their life, a feature which even the most ardent supporters of gas 
cannot claim for the incandescent mantle. 
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NEWCASTLE-ON-TYNE LOCAL SECTION. 


INAUGURAL ADDRESS OF THE CHAIRMAN. 


A. L. E. DRUMMOND, Member. 
(A BSTRACT.) 
November 16, 1908. 


In making this my first appearance before you this evening as your 
Chairman, I wish to express my sincerest appreciation of, and thanks 
for, the honour which you have been good enough to confer upon me. 
I have thought that my remarks this evening, instead of being confined 
to the particular branch of our profession with which I am personally 
connected, might perhaps be allowed to take a broader range and 
trench upon other ground with which I have not the good fortune to 
be so closely connected as most of you are. 

The practice of electrical engineering is now so extensive and varied 
that it may be said to enter into every part and branch of our daily 
lives, and as with some of us talking largely enters into our work, 
I propose to lay before you some particulars as to the growth of the 
telephone during the few short years it has been in use. 

The telephone was first brought into notice in 1876, and after having 
been described as “more scientifically interesting than commercially 
valuable,” it has now at the comparatively early age of thirty-two years 
developed to such an extent as to surprise those who looked upon it 
with scant confidence in its early days. 

On the National Telephone Company’s system there are to-day nearly 
1,450 exchanges, to which are connected approximately 450,000 stations 
working over 1,100,000 miles of wire, representing an increase during 
the last five years only of 400 exchanges, 170,000 stations, and 653,000 
miles of wire. On the Post Office system there are approximately 
30,000 stations. 

In spite of the great things which were claimed for them, these 
have survived in two cases only—namely, Hull and Portsmouth—and 
the number of telephones connected is comparatively small, being 
2,500 and 2,600 respectively. 

In the case of Glasgow municipalisation this was a failure, and after 
several years, experimenting with an unsatisfactory equipment, the City 
Council decided to accept the offer of the Post Office for their business. 
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Although generous terms were arranged there still remained a con- 
siderable loss to be faced, and the suggestions as to dealing with such 
loss have led to considerable discussion in the City Council. It is 
somewhat late in the day to refer to telephonic competition, but it 
may be pointed out that the opinions expressed by telephone experts 
generally‘ have been fully borne out, viz., that competition in this 
particular service cannot be carried on advantageously, and especially 
has this proved to be the case in Glasgow, a city which can be looked 
upon as one of the most successful in municipal undertakings. With 
regard to trunk working, this has for several years past been in the 
- hands of the Post Office, and has developed to such an extent as very 
materially to affect telegraphic revenue, and this will no doubt continue. 

According to the Postmaster-General's report for the year ended 
March 31, 1908, the number of trunk wire centres has increased from 
533 to 551, and 342 new trunk circuits have been provided during the 
year, increasing the mileage to 80,000 miles of double wire. The 
conversations on such lines show an increase of 11 per cent. upon the 
record for the previous year, and the average value per call has slightly 
increased from 5 824. to 5:84d. . 

With regard to local services, what is known as the measured rate 
tariff has been introduced during the past few months. Briefly, the 
new proposals mean that the user shall be asked to pay in accordance 
with his use of the service, and so put telephone service upon the same 
basis as all other services are carried upon. Up till recently a flat or 
unlimited service rate has been in force, but owing to the rapid develop- 
ments and extensions consequently necessary, such has been found to 
be unprofitable, and the necessity for "charging per call" is found. 
Members responsible for lighting and power supplies will appreciate 
the position when they are asked to accept a lump sum per annum for 
an unlimited supply of current rather than charge on the unit system 
as at present. 

The National Telephone Company employs 18,000 men and women, 
and the traffic runs into about 12} millions of messages per weck, with- 
out counting trunk calls, which amount to about 400,000 calls per week, 
and incidentally this particular undertaking pays what no other industry 
does—what is equivalent to a tax of something between £260,0c0 апа 
£270,000 per annum. This is not generally realised by the public, but 
no doubt the Treasury officers fully appreciate the fact, and find this 
a comfortable addition to their income. It can, however, only be 
looked upon as a tax upon an industry which has had a prejudical 
effect оп development. 

The licence held by the National Telephone Company, being granted 
for a period of thirty-two years, terminates at the end of тдтт, after 
which date, in accordance with an agreement entered into with his 
Majestys Postmaster-General, the entire business, with a certain 
portion of the staff, is to be transferred to the State, and this, it is 
believed, will establish a record, so far as similar transactions are 
concerned. There appears to be a doubt in the minds of some people 
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as to the effect that such transfer will have upon the service generally, 
as there does not appear to be the same contidence felt under State as 
under private control. Without wishing to trespass upon delicate 
ground, I may be pardoned for saying that there is no reason whatever 
why the service should not progress by “ leaps and bounds,” as a Govern- 
ment Department would not labour under the same disabilities as a 
private company must of necessity do. The borrowing powers of 
the former are much more advantageous than the latter, as a Govern- 
ment Department can obtain money at a much lower rate of interest 
than a dividend-paying concern is able to. Especially is this the case 
when, as in the present instance, the tenure of such concern is a 
short one. 

The question of staff transfer is obviously one which cannot be gone 
into fully now, but in passing it may be stated that at the moment there 
is a feeling of anxiety in the minds of some of the company’s staff that 
it is carnestly hoped will be removed on their position being again 
brought before Parliament during the Session. The whole question is 
being gone into, and it is confidently hoped that arrangements satis- 
factory to all concerned may be arrived at. One thing should not be 
overlooked—namely, the business of the National Telephone Company 
has been developed to the extent quoted, and to the satisfaction of the 
public, by the staff concerned, and they feel, therefore, that they have 
every reason fo expect the fullest consideration being paid to their casc, 
and that they may be transferred to the service of the new owners on 
equitable terms, as has been the case in similar transfers previously. 

Traffic.—It is frequently asserted that the telephone is much more 
extensively used in America than in Europe, and this must be adinitted 
to be the case, the reason being that in America, telephony is a highly 
specialised. technical business, not as in the case of this and other 
countries, having been subjected to political rather than economical 
treatment, and generally being relegated to the position of a minor 
branch of the Government Department responsible for posts and 
telegraphs. The Traffic Department is a most interesting feature of 
American telephone administration, and is the one responsible for 
a city service of 30 seconds, a suburban service of a little more, 
and a trunk service of a few minutes only. These traffic departments 
are now in full force on the National Telephone Company's system. 
A constant watch is being kept on the traffic, tests are taken and 
analyses made of all classes of calls, the object being, of course, to 
secure accuracy of operating, and, it may be whispered, to find out 
also where the subscribers’ clerks and others need guidance and 
instruction. 

Before leaving the telephone it may interest members to know that 
previous to telephone exchanges being introduced, something similar 
was established at the Newcastle Post Office, there being a telegraph 
exchange at work, where the wires of renters were connected on 
demand, so that they could telegraph directly to each other. I believe 
Mr. Heaviside was personally interested in this. The first real tele- 
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phone exchange, however, was established in May, 1877, but was 
of a most primitive character. - 

Development in Tyneside Districl.—There has been a very con- 
siderable development in power distribution, and it is gratifying to 
find that the Carville Power Station is stated to have increased its 
output fourfold during the past four years, and that it now has the 
greatest output of any power station in Europe; and further, that 
this station, in conjunction with its affiliated concerns, generates about 
one quarter of the whole current supplied by public companies in the 
United Kingdom. Further extensions are under construction, and it 
is estimated that when these are complete, an enormous tonnage of 
coal will be available for other purposes. This will be good news to 
the householder. 

This power development naturally suggests turbines, and in New 
castle we all feel a pride in still having amongst us the inventor of the 
most popular turbine of the day. 

Twenty-four years ago Mr. Parsons made his first turbine of 
IO Н.Р. running at 18,000 revs. per minute. 

Nineteen years ago the first turbo-alternators were installed at 
the Forth Banks Station of the Newcastle and District Company. 

It is seventeen years since Professor Ewings' historic tests were 
made on the first 100-k.w. condensing turbine, and it is fourteen 
years since the 350-k.w. plants were put down in the Manchester 
Square Station in London, which saved that station from being shut 
down owing to complaints being made of vibration caused by recipro- 
cating engines. 

To-day there are some hundreds of steam turbines driving electrical 
machinery in all parts of the world from 4,000 to 8,000 k.w. 

This enormous development which has taken place is almost 
entirely due to the genius of the Hon. C. A. Parsons, and I have little 
doubt but that posterity will rank Mr. Parsons with Newcomen, Watts, 
and other great originators of the reciprocating engine on one side, and 
with Wilde, Siemens, Brush, and all other great forerunners of the 
modern alternator and dynamo on the other. In this connection 
it is interesting to note the great increase of size for a given speed 
which designers of electrical machinery have been able to make during 
the past few years. 

Thirteen years ago the largest size of continuous-current dynamos 
that could be made was 120-k.w. at 3,000 revs. per minute. Now, at the 
same speed, 500-k.w are common; and whereas at the former time 120-k.w. 
was the largest plant made, to-day up to 1,500-k.w. is put into single 
dynamos. In alternators the progress has also been rapid, and during 
a similar period the kilowatts put into these machines have gone up from 
1,000 {0 4,000. 

And so the fight goes on, turbine makers on the one hand and the 
dynamo makers on the other one seeking to slow down the turbine to 
meet the conditions of the electrical engineers, and the other to quicken 
up the electrical machinery so as to meet the requirements of the 
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turbine engineers. . We may therefore look for larger and larger sizes 
at higher epeeds with better conditions of overload heating and regula- 
tion, to say nothing of the immensely increased reliability as time goes 
on and more information is obtained about the exact requirements 
necessary, and better and more reliable materials are available for 
manufacture. 
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RAILWAY SIGNALLING. 
ITS DEFECTS AND SUGGESTIONS FOR REMOVING THEM. 


By Capt. A. GARDINER, R.E., Associate. 


(Paper received from the LEEDS LocaL SEcTION, October 1, and read at 
Leeds, October 28, 1908.) 


The method by which control over the movement of trains is 
secured by the semaphore is too well known to need any detailed 
explanation. 

We are all acquainted with the square-ended arm which in the 
horizontal position denotes that its post may not be passed by a train ; 
and with the fish-tailed “ distant” which merely warns the driver that 
he is approaching а “stop” signal, and indicates its condition at the 
time that he is passing the “distant,” so as to ensure as far as practic- 
able that if it be at danger he may be ready to stop before the square- 
ended signal is reached. 

The system, despite all the scientific thought and attention that has 
been devoted to it, is still unsatisfactory. Its first and every-day 
difficulty arises at nightfall, when lights usually of the same colours 
do duty for both “stop” and “non-stop” signals, and a driver has 
therefore to interpret the meaning of the red or green lamp in front of 
him with the aid of its surroundings, and of his memory of the road, 
and of his position upon it. 

Attempts, it is true, have been and are being made to remedy this 
obvious defect ; but for all the years that the semaphore has now been 
used for traffic control, no method has as yet been sufficiently successful 
to lead to its general adoption. The principal difficulties lie in the lack 
of certainty with which colours at all approaching each other can be 
identified under unfavourable circumstances ; and in the serious objec- 
tion that obviously arises to any further complication of the maze of 
lights already formed by the signals of any important junction. 

Apart from this defect, however, the system is in itself inefficient. 
For although, with the aid of electricity, we can secure almost absolute 
immunity from error in the signal that it is desired to convey to a train, 
compliance with that signal, and hence the safety of the train, still 
remains entirely dependent upon a sequence of effects that that signal 
has to produce upon a human intermediary over whom we have little 
possible control. It has to be seen by the driver of the train, it has 
then to be correctly interpreted, and then to be promptly complied with. 

Jn each item of this sequence there lies an element of chance that 
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has but too frequently produced appalling disasters, and must continue 
to do so, so Jong as we have to rely wholly upon the human element 
for giving effect to the order that the signal is intended to convey. 
One instance of this element of chance is brought out by what is a 
constant recurrence during every year, viz., fog, rendering the sema- 
phores and their lamps cither invisible, or but visible with the greatest 
difficulty. We cndeavour to mect the dangcr that this state of the 
atmosphere gives rise to by detonators, which, however, may or may 
not explode. Injury in the fog to the signalman, or other failure to get 
the detonator on to the line, or to get it there in time, or to explode it 
when there, may still result in the semaphore being passed unseen. 

Again, particularly on our busier roads, the concentration of 
attention imperative to ensure safety is incessant A moments 
wandering of the mind and a train may be again, as many have 
been before, doomed. Disasters unconnected with any atmospheric 
conditions have recently been prominently before us both in England 
and elsewhere in the Empire. 

With the present external semaphore and lamp, each road and each 
branch from a road requires a separate signal; there are signals for 
stopping and signals for starting; signals as * advanced homes," and 
signals as “advanced starters"; each “home” with its attendant 
* distant," and but too many of the rest with repcaters or other 
auxiliaries until the mass of semaphores and lights at a large station 
makes the interpretation of any one of them even on the brightest day, 
leave alone the finest night, a matter requiring a high degree of skill 
and memory. Yet out of this mass the driver is required to pick out 
promptly and accurately the one semaphore or lamp of each group 
that alone refers to his particular train. 

The difficulties and dangers sketched briefly in the foregoing are so 
great that a recognition is undoubtedly growing of the need for some 
means of bringing the state of the signal emphatically and unmistakably 
to the notice of the drivers on their cabs, and making the neglect or 
unobservance of signals necessitate deliberate action on the part of the 
driver, so as to transform inertness into activity, and ensure that it is 
no dead man's hand or eye to which the safety of the traveller is 
entrusted, | 

'Thus on the Metropolitan District Railway we see a description of 
actual train control, whereby a train running past a signal at “danger " 
has its brake applied automatically through the impact of an arm on 
the track against a lever carried on the train. 

'The adjunct points the direction in which railways are undoubtedly 
moving, but that isall. For with the train stop placed where it is, viz., 
at or near the “home,” it applies too late—at all events for anything 
but slow traffic and light trains. Once a “stop” signal has been passed, 
a train may be in desperate danger, for the obstruction may be close 
beyond ; and a train at high speed, tripped by the train stop while 
passing the “home” must travel considerable distance before it can be 
brought to a stand. Much further than any permissible “ overlap," 
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such as may be suitable for the traffic of the District Railway. On the 
other hand, were the train stop placed sufficiently far in advance of the 
signal to ensure that the train will have been stopped before the signal 
is reached, its operation becomes necessarily one of every-day occur- 
rence, and the blow of the arm against the lever then rapidly destrovs 
one of them or both. Even were a situation as on the District Railway 
otherwise possible, an impact device would not be practicable for trains 
travelling at 45 to 70 miles an hour. 

On the Great Western Railway train control is not attempted, but 
they also disclose the craving for something more efficient than the 
semaphore in the cab signal which they have substituted for the ordinary 
“distant” on some sections of that line. And there again, while the 
invention, excellent as far as it goes, appears to be too limited at 
present in its scope, for it to be the last word in cab signalling, we see 
another tendency of the new movement. 

For immediately a really reliable substitute for one of our existing 
semaphores is discovered, that semaphore disappears. The Great 
Western cab signal is not a signal repeater—it is a signal; and the 
semaphore being no longer required for the particular indication that 
their cab signal provides, it has begun to be abandoned as far as that 
indication is concerned, as it will undoubtedly be abandoned for 
every other indication once a really efficient substitute is found. No 
half-and-half system will stand the test of time. If a cab signal is 
reliable, the driver will pin his faith upon that and the semaphore 
becomes superfluous. If it is unreliable, the driver will adhere to his 
present signal and the equipment in his cab will fall into disrepute and 
disuse. The regard in which mere repcaters are held receives illus- 
tration in almost any cabin containing them of any railway in the 
world. 

A mixed system of signalling, such as one with the “ distant” 
іп the cab and the “home” on the track, contains, moreover, a new 
element of danger, for the “distant” is not a final signal. Even 
though the “home” be off when the “distant” is passed, the signalman 
has the option of throwing it to “danger” before its post is reached 
by the train, and may thus possibly avert an accident. But such 
occurrence is comparatively rare, and there is therefore risk of 
the driver learning to treat the "safety" indication in his cab as full 
permission to proceed, and relaxing his look-out for the signals on the 
track; and of his thus overlooking a possible confliction between 
the actual state of the “home” signal and the indication of its state as 
previously given to him on his cab. 

This danger appears to have been recognised by the North-Eastern 
Railway, and in their signal they seek for something more than the 
single indication, and instal a series of signalling points, each of which 
confirms, or may cancel, the indication previously given. 

The North-Eastern Railway system goes much further in many 
ways in the desired direction of a complete system of signalling on 
the cab than does that of the Great Western Railway ; but .un- 
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fortunately its signal has a “gravity” safety position, being operated 
by a magnet that is “dead” for the safety position, and requires to be 
excited in order to show danger. The result is that any failure 
in the signal magnet circuit can but mean a failure to remove the 
safety indication; and although the equipment provides auxiliary 
detection for certain causes of such failure, still the defect is suffi- 
ciently grave to, it would seem, limit the scope of this system strictly 
to repeating the external signals. For the reasons already given this 
is an undesirable handicap, making the system fall far short of the 
ideal that railways are seeking for. 

Another respect in which our present system of external signals 
woefully breaks down is as regards reductions of speed. For a 
railway cannot always be built so that from end to end it is fit for 
speeds that are perfectly safe over the greater part of it. Even if 
so built, portions will occasionally require replacement or repair, 
and during the execution of these works will not be fit for the 
maximum speed. The unusual presence of a man upon the line with 
a green flag or lamp is commonly taken (although the green flag is 
in itself merely the opposite to the red) to indicate the necessity for 
proceeding with unusual caution; but apart from this there is no 
railway signal that denotes “reduce speed" for a dangerous piece of 
track, and instructions are given either by means of boards, frequently 
unreadable at nights, or by printed standing orders, or by written 
instructions to the driver. The efficiency of the system is again of the 
lowest, for safety once more depends wholly upon human obedience ; 
and obedience, moreover, in this case of a high moral order, for it 
is almost invariably impossible to ascertain at what speed any 
particular part of line has been passed over, and the driver risks 
a larger measure of blame for any delay that may result than he 
ensures praise for strict compliance. 

With signals on the cab, not only is it possible to give a *reduce 
speed" indication that cannot be confounded with any of the other 
indications, but it becomes possible also to make that signal act 
directly on the motive power of the engine, and so enforce com- 
pliance ; and further, by providing for the automatic removal as 
well as the automatic exhibition of the signal, it becomes possible 
to obtain a record from which the actual speed over the restricted 
section can be indisputably established. 

Reference has been made to the systems in force or being tried 
upon the District, the Great Western, and the North-Eastern Railways, 
not with any intention of a critical examination of the same here, but 
chiefly as evidence of the fact that weak points are recognised in the 
present system of railway signalling, and that the idea of a system of cab- 
signal control of trains, such as that to which I now desire to direct 
attention, is not merely a visionary theoretical scheme, but one which 
in some form or other has for some time been engaging the attention 
of practical men. I propose now in the first place to outline what 
appear to be the main essentials of a perfect system of train control 
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with its resultant effects, and then to explain how it is suggested 
practically to secure their fulfilment. 

It is hoped that the suggestions, coupled with the model that 
has been prepared to illustrate them, will at least be considered 
to prove that the desiderata in railway signalling outlined below are 
not wholly beyond what is practically attainable. That the results, if 
achievable, are of incalculable value, there are probably few who 
would deny ; that there are difficulties and even possibly drawbacks 
to be encountered in gaining them 15 equally obvious; but if it is 
practicable at all to secure means by which the risk of accidents due 
to unseen, misunderstood, or otherwise disobeyed signals сап be 
eliminated, too much must not be made of any difficulties that are 
not unquestionably entirely insurmountable. Attention should rather 
be paid tothe most practical means of overcoming them and of 
removing such difficulties as usually accompany any new departure 
of the sort. 

A perfect system of train control by cab signals should, to meet 
all the requirements of traffic working, fulfil at least the following 
conditions :— 


I. It must comply with the essential principle that any break. 
down of the apparatus that can impair its accuracy shall 
completely remove the “safety” indication and produce 
either a “danger” or a “disabled” signal. 

2. It should be wholly in the cab, and not depend partly upon 
signals in the cab and partly upon signals on the track. 

3. It should signal, not at one point or several points, but at every 
point, so that a train shall be continuously in receipt of a 
positive signal. 

4. It should simultaneously act directly upon the motive and 
brake power of the train, so that it shall be automatically 
obeyed; and not having been at great expense auto- 
matically given, depend wholly upon human compliance. 

S. It should provide an audible as well as visual “ danger” signal, 
as an additional safeguard against momentary inattention on 
the part of the driver. 

6. It should enable an automatic record to be maintained of all 
signals received and of the exact time of receipt. 

7. It should provide that automatic control having been set up, 
it shall be practicable for the driver to reassume his control 
over the motive and brake power of his train without in- 
terfering with the efficiency of the apparatus in delivering 
further signals. 


This last requires, perhaps, special consideration. Writing recently 
in the Times Engineering Supplement, Professor Ayrton advocated 
the shutting of power off a section of electrified line whenever the 
signals are against a train. Professor Kapp, in his still more recent 
lecture on the “ Electrification of Railways," delivered at the Royal 
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Institution, explained how this is actually done on the Valtellina 
Railway. | 

With a system of cab signals and control complying with the 
requirements set forth above it would be easy on a steam line, 
as it is already attractively simple on an electric one, to cut the power 
irrevocably off the train, when that train is desired to stop, and to 
restore the power automatically only when it is desired to permit 
the train to resume its course. 

With a manually controlled system of signalling, such a step is not 
altogether impracticable. The driver's duties оп a steam train would 
then be of a very limited order, while on an electric one his presence 
at all conceivably becomes theoretically unnecessary. 

A purely manual system of signalling is, however, as compared 
with the automatic, both deficient in safety and incapable of dealing 
expeditiously with a dense traffic. With automatic signalling, as far 
as indicating the condition of the track is concerned, manual control is 
not only superfluous, but even undesirable. It is essential, however, 
that if any derangement or irregular occurrence shall affect any 
automatic signalling appliance at all, its interference shall take the 
form of the danger indication, and while the better of the approved 
systems have reached such a degree of perfection that derangements 
are rare, and of the order of 100,000 movements per failure, still it is 
out of the question from the point of view of general railway working 
that it should be possible for such a derangement, however occasional, 
to hold up indcfinitely (as it would were the complete cycle of the 
system irrevocably automatic) the whole of the traffic over а con- 
siderable length of line. Moreover, apart from derangements of 
equipment, it 15 sometimes necessary in railway working to break 
through normal rules, such as, for instance, when two trains are 
brought to one platform, or into close proximity with some block 
or breach ; the existence of which must, however, essentially cause an 
automatic cquipment to give the danger indication. 

The presence of the human element somewhere in any automatic 
system of train control for the purpose of stepping in and bringing 
human intelligence to bear when the machine has temporarily reached 
its limit, may therefore be considered an accepted postulate. This 
being so, of the two component parts of such a system, the fixed 
or track part, and the moving or train part, on either of which this 
human element may be located, the most advantageous both theo- 
retically and practically is unquestionably upon the moving part. 

A system of automatic control over the movement of trains must, 
therefore, to be practical for general adoption, comply with the condi- 
tion that while it insures automatic obedience of the train to the signal 
received, it admits of being overruled without serious inconvenience 
when circumstances require; but overruled only as the wilful and 
deliberate act of the driver in supreme charge of the train and not as 
a matter of oversight. 

The method proposed involves, as will have been already under- 
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stood, the eventual entire abolition of the semaphore and its lamp, with 
the following immediate results :— 


I. In place of the usual external signals we obtain primarily indi- 
cations in the cab itself visible, and if desired audible, at all 
times despite fog or storm. 

For the operation of a human driver liable to err in picking out 
which particular lights or arms of each signal group alone 
refer to his particular train, it becomes possible to substitute 
automatic selection and to present the result alone in unmis- 
takable form before the driver in his cab. 

3- For verbal evidence, frequently defective, often false, as to 
signals received during a run, we are enabled to secure an 
indisputable automatic record of the signals received, it may . 
even be of the action taken іп the case of the “ danger " 
indications. 

4. For a signal that may mean “stop” and may mean “рге- 
pare to stop,” which frequently can but with difficulty be 
correctly interpreted, it substitutes a “stop” signal that 
always means “stop,” as well as a “danger” signal that 
always means “ danger." 

. For a requirement of traffic working that has not as yet been 
adequately met, it provides a “reduce speed” signal, dis- 
regard of which can be subsequently detected or proved. 

Finally, we secure indications which can readily be made to 
act directly on the engine itself, and be automatically 
obeyed ; in place of indications compliance with which must 
depend wholly upon the unchecked human element. 


(ә 
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The means are as follows :— 

Parallel to the running rails is laid a metallic “ track conductor " 
(T.C. Fig. 1), probably of tee or angle iron, of section about 
I$ in. X 1j in. X ф in, and carried on wooden posts 6 to шо ft. 
apart at the maximum distance from the track that the running 
dimensions admit of. Better insulation may possibly be found neces- 
sary, or the conductor may be preferred between the rails—but these 
are details that experience will settle. The height of the track соп- 
ductor above rail level must suffice to ensure that the moving contacts 
shall clear the top of the rails at crossings, metalling of cart roads, and 
So on; and to enable engines to run either chimney or tender fore- 
most with a single track conductor they must, if the conductor is placed 
externally, carry the contact devices in duplicate; so that the con- 
ductor is frec to be placed for short lengths on whichever side of the 
line happens to be locally most convenient. 

The track is split up into track circuit sections of the desired 
length (insulated joints I, Lj), and the rails within the limits of these 
sections are bonded together on each side by one of the usual track 
circuit wire bonds. At one end of each section is a track relay 
(R, R,), and at the other a track battery (B В,) or other source of 
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power for the track relay. The relay and the source of power 
are each connected to the rails in such a way that when no train is on 
the section the relay is excited and its armature drawn up; whena 
train enters the section the relay is short- 
circuited by its wheels and axles and the 
armature falls away. 

On an electric line Brown's patent 
arrangement of two polarised relays, as 
used on the District Railway, could 
readily be utilised to prevent any risk of 
operation of the signals by leakage currents. 

The armature of the relay carries cer- 
tain contacts which are closed when the 
armature is attracted, and for the purpose 
of this signal it carries also other contacts 
which will be closed when the armature 
falls away. 

A resistance (O, O,) is inserted between 
the track battery and the track to prevent 
the battery itself being short-circuited by 
the trains ; and a parallel circuit is then 
taken from the battery positive through 
the contacts of the near track relay to the 
track conductor, as shown in the figure. 
The track conductor in each section is 
thus, when the relay controlled by the 
section ahead is energised, charged with 
the potential of the track battery above 
the negative track rail ; but is dead when 
that relay is shunted. Consequently when 
any track circuit section is occupied, the 
track conductor of the track circuit section 
in rear is dead. 

As far as the first and principal indica- 
tion to be given on the engine is concerned 
therefore, viz., "clear" and “stop,” all 
that is required is some means of collect- 
ing current from the track conductor, and 
an electromagnet that will when ener- 
gised show a “clear” signal, and when 
í de-energised show a “stop” signal by the 
Q 
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action of gravity. 
The action will then be as follows :— 
If the section (B, R;) ahead of a train is clear, its relay R, will 
be energised. The battery B, will have part of its current shunted 
through the fixed resistance (O) and the wheels and axles of 
the train (T), while part of the current will pass vid the track 
conductor and the collecting devices on the engine, and wd 
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the coils of the signal magnet (5) to the negative rail. The train will 
thus receive the “clear” signal. Should, on the other hand, the section 
ahead be occupied (as is the section B, R,) the relay (R,) being de- 
energised the track conductor will be dead, and a following train will 
receive the “stop” signal. 

The lower contact of the relay is arranged to connect the track 
conductor directly to the negative rail of the section, so that in the 
de-energised position of the relay it will be impossible for there to be 
sufficient difference of potential between them to retain the signal 
armature in the “clear” position. Any type of collecting device found 
suitable can be used—brush, shoe, spring, or, if need be, even trolley 
and wire—and any number of such devices can, if necessary, be placed 
in parallel ; to ensure one of them picking up the trifling amount of 
current that will suffice to work the signal, the collecting devices can 
also be preceded by a brush or scraper to clear the way, or a steam jet 
can be arranged so as to play upon the track conductor immediately in 
front of the engine contacts. 

To control the motion of the train, the armature of the signal 
magnet is supplied with contacts placed in a local circuit on the engine 
which includes electromagnetic valves on the main steam pipe and the 
train brake pipe ; the former to shut off steam, the latter to admit air to 
a vacuum equipment, or release the air from a Westinghouse one when- 
ever the circuit is opened by the fall of the signal armature. 

The local circuit on the engine would also, if desired, include a 
whistle bell or buzzer, designed to operate when the signal falls, so as 
still further to attract the attention of the driver. 

The cessation of the actively produced, contrary to gravity, “clear” 
signal would thus not only cause the “stop” signal to appear, but it 
would also give rise to an audible signal, and further shut off steam 
and apply the brake. Working with such a system it would be the 
duty of the driver on the receipt of a “stop” signal then and there to take 
steps to aid the automatic control in bringing his train to a stand with 
all reasonable speed. This done he will await the receipt of the 
* clear " signal, knowing that it will reach him, whatever his position 
on the track, the very instant the section ahead is clear. 

The shutting off of the steam can cause no mechanical incon- 
venience, and the application of the brake can be made just as gradual 
as may be desired, while the apparatus can be designed with means to 
restore the steam and close the brake pipe whenever the driver elects 
to do so, and until such time as the engine shall have received another 
“clear” indication and then another “ stop." 

The models have been made to work without any driver, and conse- 
quently restore the motive power on receipt of the “clear” signal. 
This is not suggested for actual practice. The driver would be ex- 
pected to close his regulator on receipt of the “stop” signal, and 
would be required to restore the vacuum or air pressure by his own 
action on receipt of the “clear.” 

The recorder consists of a chart revolved by clock-work under a 
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pen which is controlled by an electromagnet placed in a circuit of the 
local battery on the engine, and arranged so as to mark the chart when 
the signal magnet is in the released or “ stop” position. 

Were it possible invariably to act up to normal rules, so that it would 
never be necessary for a train to proceed against a “stop” signal, 
nothing further in respect of the “clear” and “stop” indications would 
be required than has been outlined above. Such, however, is not the 
case ; and it is necessary to provide that a train recciving a “stop” 
signal for which no obvious cause exists, may be able, after waiting a 
reasonable period, to proceed cautiously to the end of the block 
reported by the automatic signals to be occupied. 

A reference to Fig. т will show that a train proceeding in this 
manner might under suitable circumstances eventually receive a 
“clear” signal, although the block were occupied. It is necessary to 
avoid this, a necessity which fortunately there is little difficulty in 
providing for. The key to the situation is that part of the track con- 
ductor last passed over іп the “асай” section which must always 
precede an “occupied” one. 

A train following the train “Т,” and approaching from the left of 
the plate, will be perfectly safe up to the insulated joint I, ; should 
it pass I, its collector and its signal magnet will be in parallel with the 
collector “С” and signal magnet “ S" of train “Т.” 

To prevent this it is proposed to make use of a ramp to open the 
signal circuit of the following train on the same general principle as 
that adopted by the Great Western Railway. The track conductor is 
ramped in the neighbourhood of, and to the facing side of, each 
insulated joint. The cab signal has an additional * danger" magnet 
which controls three contacts, one for its own local circuit, one in 
series with the collector and the signal magnet, and one to operate an 
audible signal. Further, when de-energised it causes a shutter marked 
“danger” to drop by gravity in front of the signal window. The 
danger magnet is normally excited bv the local battery on the engine, 
the circuit being through its coils and its own contacts in series. 

One collector on each side of the engine is so arranged as to be nor- 
mally insulated from this circuit, but when the collector is raised by 
means of a ramp it breaks the local circuit and substitutes for it another 
circuit from the ramp through the collector and the coils of the danger 
magnet to earth. If, however, the substituted circuit is dead, the arma- 
ture of the danger magnet falls away on the opening of the local circuit, 
and in doing so breaks that circuit a second time at its own contacts. 
The local battery is consequently unable to resume control of the 
magnet after the engine has quitted the ramp. But the circuit of the 
signal magnet is also taken through the contacts of the danger magnet ; 
and consequently the fact of the track conductor being alive beyond I 
does not result in a *clear" signal. The train would thus traverse the 
section I, I, (which is either occupied in some way or else unsignalled 
in consequence of a breakdown of its equipment, and which is there- 
fore in either case an extremely dangerous zone) with the “danger” signal 


1908. ] GARDINER: RAILWAY SIGNALLING. 135 


before the driver. This would be registered on the recorder, and the 
length of the section being known, the speed at which he traversed it 
would be indisputably established. 

If the delay had been due to the relay (R,) being out of order, the 
track conductor in the section I, I, will have been alive. 

Before leaving that section the engine must traverse its danger 
ramp, which is, however, this time a live one. The auxiliary circuit to 
earth which is made temporarily by one of the collecting shoes while 
оп а ramp will now energise the danger magnet and close its contacts, 
enabling the local battery to resume control as the engine leaves the 
ramp and closing the circuit of thc signal magnet. "This is the normal 
action when quitting each “clear” section, the driver then requiring 
no notice whatever. 

The above indications deal with the track between stations. We 
may now consider the approach to a station. The train may run in or 
through on the straight, or it may have to be turned off on to a siding 
or branch. In the latter case the driver should approach with reduced 
speed, since it is not safe for him to take points for a turn-out at the 
same speed as for the straight. To give the warning to reduce speed 
we utilise an independent ramp, placed (if the track conductor is 
outside) between the rails of the track. 

An additional magnet is supplied to the engine equipment and an 
additional contact device for the *reduce speed" ramp. The magnet 
works on the same principle as the “danger” magnet, but it is 
proposed that it should merely shut off steam and not affect the 
brake; this is, however, entirely a matter of what may be desired. 
The *reduce speed" magnet has a suitably worded shutter which 
appears by the action of gravity at a separate window placed as close 
as possible under that at which the “stop,” “clear,” and “ danger " 
signals are shown. When the magnet is excited the “ reduce speed” 
shutter is drawn up and the window is blank. 

The ramp circuit is dependent upon the points, and when these are 
set for the straight and all is clear, the * reduce speed " shutter will not 
drop; when set for a turn-out the driver will receive his warning, and 
with the aid of the recorder it will be possible to determine what 
action he took upon it. In India, at all events, the speed at which 
points and station yards are traversed is somewhat frequently a subject 
of interdepartmental discussion. 

But points may be set for the straight when as a matter of practice 
all is not clear; for a train may be already there, and it may be 
desired to bring another up against it. The state of the “reduce 
speed" ramp will therefore depend further upon the relay of the 
station track circuit section, and its mechanical action will only be 
electrically cancelled when all is clear for the train. 

The “reduce speed" signal will, like the “danger” signal, be 
entirely beyond the control of the driver, and to remove it a live 
ramp will be placed at the point beyond which restricted speed is 


unnecessary, = 
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In the “reduce speed” signal we have all that is necessary to deal 
with any temporarily or permanently dangerous section of line ; viz., a 
pair of temporary or permanent ramps, the one dead to apply the 
signal, the other charged to remove it, coupled with a recorder to 
record the duration of the “reduce speed” signal. The distance 
between the ramps being known, this gives a permanent record, to be 
filed in the Locomotive Superintendent's office or submitted to the 
Manager, of the regard that has been paid to the restriction. 

The above has described a “clear” and a “stop” signal for normal 
use, and has outlined a method of train control: a “ danger” signal 
that comes into play only when the “stop” signal has for any reason 
been disregarded, and a “reduce speed” signal to meet the case of 
ordinary speed restrictions, and of the necessity for cautious driving 
when leaving the straight for a turn-out, 

The model shows how these signals can be subjected to manual 
semi-control in the neighbourhood of stations so as to meet, it is 
believed, every reasonable requirement of traffic working. 

It is, however, possibly further necessary to advise the driver of the 
actual route set for his train. With certain not inconsiderable limits 
this can readily be done by means of bars on the track which will be 
normally dead, but one or other of which will be charged with current 
according to the setting of the points. The engine will carry a set of 
contact springs or other device and an indicator which will show the 
number of the ramp which is charged with current. The indication 
will not be a primary signal, and the absence of any indication can be 
treated as a “dead end" signal. The model shows three tracks, each 
of which is “indicated " in this manner. It is believed that the actual 
number of the route he is to take is not really required by a driver, and 
that three indications meet every reasonable need. “No.1” would 
then mean, “Straight road—all clear"; the “reduce speed " signal and 
“Хо. 2" would mean, “ Points set for a clear loop-line"; and the 
“reduce speed " and “Хо. 3" would mean, “ Points set for a dead end 
ог an occupied line." Each indication would be recorded, and under 
instructions “по indication" would be treated as equivalent to 
“ No. 3." 

As regards the safety of such a system of signals as here advocated, 
the essential signal of the equipment is that which gives the indication 
“clear” and “stop.” The “stop” signal is entirely a normal mechanical 
signal, and has to be held off continuously by a current received from 
the track conductor under the control of the track relay. Consequently 
even if the conductor be carried away altogether, the only result can 
be to” stop the train. In the released position of the track-relay, the 
track conductor will be short-circuited, as explained, on the negative 
lead, so that even leakage currents cannot operate the signal. A leakage 
across an insulated joint merely lengthens the track circuit section. 
The -control of the motive power and the brake can also be designed 
so as to be actively prevented from acting by the presence of an 
electric current, the cessation of which from any cause will cause them 
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to stop the train, and these parts of the equipment appear, therefore, 
to comply with an unexceptionally high standard of safety. 

The “reduce speed” and (subsidiary) “ danger ” signals, according 
to the method proposed, are gravity signals actively held “ off ” by the 
presence of a current, and coming into operation when that current 
fails. Short of the actual removal of the ramp itself (the equivalent to 
which in semaphore signalling is the removal of the post itself), every 
derangement can only result in the signal giving the precautionary 
indication. The “danger” signal could further only be given after 
a "stop" signal, and after it had been decided by the train staff to 
proceed against the “stop” signal, so that it would only come at a time 
when the train would be moving very slowly and much on the alert, so 
that even the removal of the ramp (involving a gap in the track con- 
ductor) should in this case be detected. 

As regards audible signals in the case of continuously ringing bells, 
buzzers, trumpets, etc., a current must be present to create the noise, 
where possible, therefore, a steam or air whistle will be a better agent 
for this purpose, the contrivance then being arranged that the presence 
of the electrical current prevents its sounding. 

As regards the indications of the route, it is proposed to give these 
by the transmission of a current. They are not, however, in any 
respect part of the signalling system essential to safety of movement ; 
the “ reduce speed " signal would operate whenever special caution is 
required, and any failure to receive a route indication, as stated, be 
treated as indicating the most dangerous route. 

For single-line working there need be no alteration whatever to the 
engine equipments, and it will therefore be a matter of indifference to 
the driver whether he is passing over double or single line. The track 
equipment will still consist of a single track battery and a single track 
relay per track circuit section; but there will also be a polarised relay, 
the duty of which it will be to switch the battery and relay connections 
over from “up” line working to “down” line working, and vice versd. 

The polarised relays would be in the circuit of the “line clear” 
instrument used for the dispatch of trains, and would be arranged to 
work entirely automatically in connection with the issue of an “up” 
or a “down” token. One result of the equipment will then be that 
should a train, by overrunning or any other mischance, proceed in a 
contrary direction to that for which the track has been " set," the rear 
end of the train will cause the engine to get a “danger ” signal, and 
will thus automatically bring the train to a stand. Even with the 
best of “line clear" token systems, since cases are not unknown 
of drivers accepting “line clears" that were not intended for their 
particular trains, collisions must remain a constant risk in single line 
working. A grave accident occurred only a few months ago in India 
when two passenger trains collided head to head, over 100 Europeans 
and natives being killed. 

An objection occasionally urged against giving signals on the cab 
is that they are seen only by the engine crew. The presence of a self- 
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recording instrument, however, gets over this difficulty as far as 
corroborative evidence is concerned, and the automatic application 
of the indication to the engine itself largely meets the objection as far 
as the immediate safety of working is concerned, while in most Cases 
there would be little difficulty in repeating the signal if desired in the 
brake van or on any other car of the train. 

Although it is practically certain that if cab signalling is adopted 
the semaphore will eventually be superseded altogether, it would be 
‘many years, no doubt, before the conversion of the equipment of any 
road and its locomotives would be entirely completed, and it is there- 
fore essential that the cab signal shall be capable of working in con- 
junction with the existing semaphores. There is no difficulty on this 
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Fic. 2.—Diagram of Ordinary Cab Circuit. 


$ = “Stop” magnet. 
D.B. = Danger battery. 
P — Plunger. 
K,, К», Кз = Signalling keys. 


score in regard to the proposals now made, and the cab signal can be 
arranged that it cannot show “clear” when the semaphore is “оп,” 
although it will show “stop” should the semaphore be improperly 
“ой” The model provides an illustration of this feature. The period 
_ referred to during which there would be dual signalling would more- 
over serve a useful purpose in training the staff to the new departure, 
and giving them confidence in its reliability. (The diagram of the 
ordinary cab circuit is shown in Fig. 2.) 

The two most obvious objections that can be advanced to a con- 
tinuous signal on the cab are (1) the necessity for contact ; (2) the cost. 

With reference to the contact objection it will undoubtedly be a 
very great advantage to every one—except, perhaps, those who own 
copper—when we can do our electrical transmission of power by 
* wireless" ; but those days are not yet, and meanwhile the late 
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lamentable disasters have forcibly brought home to all of us the ever- 
present risk of calamity to those for whose safety railwaymen are 
responsible, which is inherent in the present system of train control, 
and which cannot or should not be disregarded because the future has 
further improvements on what our present knowledge admits of. 
Therefore, while every attention is being paid to the possibilities 
of avoiding the necessity for actual contact in transmitting the indica- 
tion to the locomotive, pending success in this direction too much of 
a bogey can easily be made of such difficulties as present themselves 
in preserving this contact. The current to be transmitted need not, as 
has already been pointed out, be a large one, the contact devices (with 
the exception of the single one on each side required to break the local 
circuit of the danger magnet) need not be other than of the simplest 
description, and can be multiplied ad libitum, the voltage of the track 
conductor can be put up to anything found absolutely necessary, the 
pressure of contact need not be great, the surface of the conductor 
can be made to approach a knife-edge, and there are many means of 
clearing it of ordinary frost and snow. The height suggested for the 
conductor is 3 in. above rail level, or some 9 in. above the sleepers, 
: which would keep it well above the actual snow level of any ordinary 
snowstorms ; while even heavy snow can only at worst produce а 
danger signal, and not as it may with the semaphore (by weighing 
it down or freezing it) a false “clear.” 

With reference to the remarks above on the subject of the contact 
objection, the change to some other method of transmitting the desired 
indications would not in itself modify the system of cab signals 
advocated, but would be merely an alteration in certain details easily 
introduced in the event of success being met with, and it does not 
seem desirable to postpone taking advantage of the great gains in 
safety which the system offers awaiting an improvement that is not 
essential. 

As regards cost, comparison can, of course, only be made of an 
' automatic cab signal with other modern automatic outside semaphore 
systems which all involve electric track circuits. Auto-signals in this 
country are mostly of the electro-pneumatic type. Up to the relay, 
they and an automatic cab signal have everything in common. A 
bonded running rail, а source of power for the track circuit, and a 
system of track relays. They then require a pipe to convey air, pumps 
to pump air into this pipe, traps to carry off the water. Under the 
most favourable circumstances the leakage and losses from condensation 
and friction in these pipes represent a considerable percentage of the 
air which has to be pumped in at appreciable expense. A cab signal 
requires a metallic conductor that need hardly carry more metal than 
the pipe if as much, will be no more difficult to lay, and needs no traps. 
In place of pumps the existing track batteries will merely have cells 
added to supply the desired voltage. ‘The degree of leakage would be 
practically simply a matter of the expenditure permitted on insulation, 
and could, if wished, be nil, since no useful current flows except 
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when а train is on the section, So much for the track. As regards the 
signal for the outside automatic semaphores, usually at about every mile 
of the track, it is proposed to substitute a signal apparatus on each 
engine. The number of locomotives per mile on an English railway 
are not known to the author, but in India the standard gauge system 
with the largest number of engincs is the Eastern Bengal State Railway, 
with од of an engine per mile ; a figure which had not been surpassed 
by any other of the Indian gauges up to April, 1907. 

A primary signalling equipment consisting of “clear,” “stop,” 
“ danger,” and “reduce speed” indicators, with the necessary contacts, 
etc., could probably be fitted, at a rough estimate, for about £20 per 
engine, which at o'4 of an engine per mile works out to £8 a mile. 
This can hardly be in excess of what the automatic semaphore with 
post, valves, or relays, and raising and lowering mechanism, at one 
semaphore per mile works out to. 

Fully equipped with train control as proposed in this paper the cost 
would, of course, exceed this figure, but it is believed that the track 
work between stations with half-mile sections (instead of г mile as 
with the semaphore), need not exceed from about £140 to £160 per 
mile, and the engine equipments to from £40 to £50. 

Yards would continue to be power or manually worked on any of 
the well-known systems, but without semaphores or lamps, and the 
saving in these would go far to meet the cost of the conductor, reduce- 
speed ramp, and indication bars, and their electrical interlocking with 
the points. The cost of the track work at stations would thus be little, 
if at all, in excess of present requirements. In this paper, in discussing 
cab signals versus outdoor semaphores, comparison has, as stated, been 
made with an up-to-date track-circuited installation, such as are note 
being installed on the leading English railways. In India, where the 
track circuit is as yet practically non-existent, the cab signal, with its 
automatic indication of the condition of the section of line ahead, and 
automatic "stop" in the event of this being obstructed, would be of 
immense advantage, not only on account of the trying effects of the 
climate on the alertness and physical condition of the train staff, but 
also of the protection it would afford against the wash-aways, failures 
of bridges, and other damages to the roadway, which are, unfortunately, 
practically unavoidable in the tropical downpours and cyclonic storms 
with which all parts of that country are at times visited, and which 
have led to disasters owing to failure of the human agency to detect 
the damage, and warn the approaching train. 


DISCUSSION. 


Mr. J. Picc: I feel that it is a privilege to have been enabled to 
witness the very interesting demonstrations given by Captain Gardiner. 
He is to be congratulated on the way the system has been worked out. 

With radical proposals such as these there are several things to be 
considered. The first is to check the engineering details; the next is 


1908, ] RAILWAY SIGNALLING: DISCUSSION. 141 


to compare the arrangements with our own experience ; and, lastly, 
to consider the relations of the proposals made to the conditions 
obtaining. 

The Gardiner system of the combination of track circuit with cab 
signalling is not new. Inthe Miller system a form of track circuit is 
used, though not necessarily the same form as the one used by Captain 
Gardiner. Vital Cesar, of Brussels, experimented with an automatic 
system of cab signalling, in which a track circuit was used, some four 
years ago, and Wilfred Boult also adapted his ingenious apparatus to a 
system of automatic line signalling to the locomotive cab. 

None of these systems, however, is exactly comparable with that 
Captain Gardiner has shown us to-night. There is little to be said, I 
think, with regard to the engineering details, for the proposals are so 
simple as to disarm criticism; but there is one point, that is, the insula- 
tion of the rail joint. The author has only insulated one rail joint, 
although he says two rail joints may be easily insulated. I think, if the 
diagram is closely scanned, it will be found that if the insulation of the 
joint breaks down, there is not only an extension of the circuit, but that 
the local battery will send a current through the local relay, and that is 
a contingency which is not contemplated in any track circuit system. 
Moreover, if an engine in that section was at the far end of the section, 
it is quite possible that the rail resistance might lead to the giving of a 
false clear signal. The insulation of both joints would be imperative. 
I am of opinion that in practice some trouble will be found by using 
the same battery for the track circuit and for the cab signals; the 
disturbing factor, of course, is the leakage on the track circuit, which 
gives rise to the necessity for track relays with a wide range of current 
strength, necessitating low battery power and low internal resistance ; 
the added resistance, as shown, would form part of battery resistance 
for the track circuit. There is a necessity for higher pressure for cab 
signalling than for the track circuit. The rail resistance 1s affected by 
the condition of the bonding, and that is not constant condition. Also 
the resistance of the engine, from frame to wheels, is greater when the 
engine is running than when it is standing, due to the oil being carried 
round the bearings when the engine is running. Тһе remedy, of course, 
for all this is very simple. 

I particularly admire the method he has adopted to prevent a second 
train obtaining a clear signal when the section is already occupied, but 
I consider that such a device should not be on the engine, but should 
be such as would reduce the potential of the contact rail behind any 
train in the section, so as to make the giving of a second signal at any 
distance behind that impossible. 

I look upon the ramp as a valuable indication to the driver, and I 
think a similar arrangement would be most valuable at what are now 
distant signalling points. Drivers do not know their locality, in fogs, 
to within a few hundred yards. Auxiliary ramps would tend to prevent 
over-running in one case, or loss of time in the other, and that, of 
course, whilst it is not a question of safety, is a question of the speedy 
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despatch of traffic, which is only slightly less important than the 
question of safety. 

Continuous signalling is provided for by this system. I consider 
that its utility is a question which can only be settled by consideration of 
the advantages claimed for it. Such advantages are, however, not given 
in the paper, although the question of cost and contact are dealt with 
under the head of “ Objections,” and it is true that half-mile sections. 
are suggested, with, perhaps, the intention of increasing the capacity of 
the line. For main-line work, with speeds up to 7o miles an hour, 
half-mile sections would be unthinkable, and heavy trains with an 
Ioo-ton engine, and, say, 350 tons behind, could not be braked at such 
speeds in these distances. Moreover, it is a question whether short 
sections really increase the capacity of the line very much, as the traffic 
depends on the organisation and policy. The policy, at present, tends 
to long, heavy trains, and the organisation mixes fast and slow trains, 
between which adequate time must be allowed for the latter to be 
kept clear of the former. Any observant traveller can see this for 
himself on the railway by noting the distances between successive 
trains on the other line. 

Continuous signalling, as suggested, requires in this system con- 
tinuous contact with the contact rail. The requirements for continuous 
contact of this kind are quite different to those for short intermittent 


contacts. Such contacts require to be intimate and ѓо have very low 


resistance, on account of the low electric pressure available. The 
brushes must, therefore, clean the contact rail by passing over it. "This 
involves such a pressure that, if applied continuously, would cause 
considerable heating and enormous wear. The conditions are quite 
different from those for the collection of currents for third-rail traction, 
where the electric pressure is many times greater than in such systems 
as are being considered, and where a contact resistance, which might 
be fatal to the latter, would have no apparent effect on the working of 
the traction system. 

I am very much interested in the list of requirements for cab signals. 
It is notorious that many inventors first hatch their schemes, and then 
look round for arguments to justify them. This does not, of course, 
apply to Captain Gardiner's system. 

I quite agree with Clause 1 respecting a ‚ perfect system of train 
control. Also with Clause 2, but do not see how a cab signal can be 
anywhere else than in the cab. I do not, however, see the necessity of 
continuous signalling, as mentioned in Clause 3. 

With regard to No. 4, I consider that, having provided the necessary 
signals on the engine, where they are under the observation of two men, 
the driver should be left to handle his engine himself. No mechanism 
can do it so well, and such an arrangement will only lead to unnecessary 
complication. Locomotive engineers, I am sure, will be chary of 
allowing interference with their *live" steam-pipes or their brakes, 
The degree of brake-power to be applied in this way would be of the 
slightest, and the driver must, necessarily, regulate his application. 
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With regard to No. 6, I am afraid that I have no faith in automatic 
records of this kind, and I am sure they would add another terror to 
the Locomotive Superintendent's life. The examination and linking 
up of daily records of this kind would be an endless job, and, unless 
they were compared with similar records taken of the signals given at 
each successive signalling point, I fail to see what advantage they would 
be. As records of events leading to a serious accident, I do not put any 
faith in them. The probability that they would be available after a 
serious accident is very remote. 

With reference to No. 7, I contend that the driver should always 
have control of his train. 

I would like to make a few general remarks on this subject. One 
point in which the automatic system fails is that of selection. We 
cannot put brains into automatic systems, and they cannot reason. 
What in this country are the conditions under which purely automatic 
systems can be of use? Simply the straight-through sections shown 
by the diagram. At any junction where a road has to be selected, or a 
departure made from straight running, the question of selection comes 
in, and such places are the rule and straight-running sections the 
exception in this country. The transportation business depends upon 
the organisation of the train service and the signalling which arranges 
for its passage, arranges or rearranges its order of precedence, as may 
be necessary, owing to variations from the organised service, and pro- 
vides for its safety, and on the outdoor signalling, which is the executive 
of the two first. What arrangements are to be made to provide for 
selection of traffic at the junctions which are so numerous in this 
country—which are so near that, figuratively speaking, one can throw 
a stone from one to another ? 

Captain Gardiner proposed to displace the preliminary block signals 
by the track circuit, which is cyclic and invariable, and the outdoor 
signalling by cab signals. He proposes to take away man's liability 
to error as a signalman, and at the same time take away his power for 
good. He proposes to displace a system of independent section signal- 
ling, and replace it with a signal that will be common to all sections ; 
and if that common signal fails, it fails over all the journey, and there 
is nothing whatever to replace it, What is the driver to do? With an 
automatic system the driver must obey the signals given him, and that 
is all he is required to do now. Where there is no independent check 
upon the movement of an engine, such as is afforded by the presence 
of a signalman, the fear of the consequences involved in passing a 
signal at danger is reduced, and this result is obtained, I believe, in 
the United States, which is the home of automatic signalling, but for 
reasons quite different from those obtaining in this country. Take the 
sgnalman's side of the question. Consider the block regulations, and 
how many of them relate to the functions performed by the automatic 
System. Take even the emergency signals only, such as “Obstruction 
danger," "Stop and examine train," “ Train passed without tail lamp," 
‘Train divided," “ Vehicles running away," and the “Shunt train for 
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following train to pass," and consider what is to be put in their place. 
Such regulations аге not made for the purpose of filling up a book of 
rules. Let us not deceive ourselves. Disasters have occurred, and 
perhaps will continue to occur, on railways owing to the lapses of 
human control. But let us not forget that these lapses arc an infini- 
tesimal proportion of the total operations, a far less proportion, indeed, 
than the 1 in 100,000 which is quoted in the paper as “such a degree 
of perfection." There is nothing made by man that is perfect, and this 
follows from man's own fallibility. Man, however, can reason, but the 
result of his successful reasoning is not always proclaimed so loudly as 
his failures. 

In conclusion, let me refer to Captain Gardiner's remarks on the 
North-Eastern Railway system. I am glad to see that in Captain 
Gardiner's opinion that system goes further in essential directions than 
other systems. Captain Gardiner says the North-Eastern Railway 
indicator has a gravity safety position. That, I suggest, is not the 
right way to look at the design. Between signalling points the driver 
is under no signalling control, and it is this fact that the design is 
intended to bring out, inasmuch as the last “ off" signal in its entirety 
remains until the next signalling point is reached. The change of 
position of the indicator, coupled with the audible signal, is the note 
of warning of locality that it is so desirable to give to drivers under certain 
circumstances. The “off” ot “clear” signal is only given by change 
of position of the semaphore arm, accompanied by the route indi- 
cation. The route indication can only be given by a current from 
the cabin, and the same current causes the semaphore to drop by 
gravity. It is only when both act together that the indication can be 
accepted. 

Мг. W. С. AcrFIELD : I am not connected with the electrical depart- 
ment of the Midland Railway, and therefore I am scarcely in a position 
to criticise Captain Gardiner's interesting paper from an electrical 
point of view. "There is one point, however, that occurs to me, and 
that is the ramps shown on the model for indicating the approach of a 
train to a junction are scarcely long enough to give drivers sufficient. 
warning before they approach the junction. It is important that the 
drivers should have some warning, say, at least three-quarters of a mile 
before the junction, and it would not do simply to have ramps so close 
to the points that a driver would only have a warning of a few seconds. 
I think, therefore, that if any warning is to be given that these ramps 
should be carried right out as far as the distant signals. 

With regard to the question of reduction of speed, I take it that 
Captain Gardiner refers to “speed restrictions.” On all railways in 
this country the speed restrictions are not in any way considered to be 
governed by the signals. The traffic and locomotive departments, I 
fear, would not admit of a driver being exonerated from observing the 
speed restrictions, as set forth in the various instructions of the railway 
companies, by the introduction of a mechanical contrivance; and 
therefore I do not think that any railway company would be prepared 
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to rcly on any automatic device, because it would be practically taking 
the responsibility out of the hands of the drivers. 

Mr. E. C. Buck: After carefully considering the various points 
touched upon and enforced by Captain Gardiner, I cannot but think 
that some of the ends gained are unnecessary. I more particularly 
refer to the abolition of the semaphore signal e» bloc and its re- 
placement by continuance cab signals at all points upon a line. 
Regarding the abolition of the “home” semaphore signal, such an 
act, I am most thoroughly convinced, and feel confident that all 
railway engineers will be in accord with me, would be attended with 
the direst results. The “ home" signal must always be, and is, regarded 
as the driver's compass, and denotes a definite geographical point upon 
the line; and should this landmark be removed, and substituted by a 
cab signal, it would be impossible—amongst the multitude of cab 
signals received by him, under a system such as Captain Gardiner's, to 
pick out the position of any one point upon the line with reference 
to any other point; whereas, with the present semaphore “home” signal, 
the driver of a train from King's Cross to Edinburgh or Paddington to 
Exeter can tick off in his mind the positions of every “home” signal 
passed. The “home” signal is maintained at a small cost, and is the 
signal least likely to fail in any way ; in fact, cases of failure from any 
cause are very rare indeed. The “home” signal is the “closed” or 
" open" door of the driver, and strictly limits his discretion and initia- 
tive. Under Captain Gardiner's system it would be very possible for 
any driver propelling instead of pulling a train to pass the whole of 
his train into a most dangerous zone before becoming aware of the fact 
by a signal in the cab. Captain Gardiner definitely deprecates any 
system of signalling operated partly by signals on the line and signals 
in the cab. I cannot agree with him in this, and firmly believe that the 
ideal system of signalling would be found to be the right admixture of cab 
signalling—semaphore signalling and ground control of the brakes at 
“distant” or “home” or “stop” signals. The author must not lose sight 
of the fact that even in his system the signalman has not been eliminated, 
and remains a very forcible human element. There is little doubt in 
my own mind that up to a certain point mechanical means should be 
adopted for advising the driver of a train, and of providing him with 
his requisite information, and, if necessary, the mechanical operation of 
the brakes at the “distant” signal in such a manner that the driver will 
have equal and simultaneous control, and also the irreversible applica- 
tion of the brakes at the “home” or “stop” signal, that will necessitate 
the driver alighting and readjusting the brake air-valve before he can 
proceed ; these indications would be a check on the accuracy of the 
signals received. Beyond a certain point the increase of operating 
mechanism and the multiplicity of signals given to the driver may 
confuse him, and render the system not only useless but actually 
dangerous. Turning now to the abolition of the distant semaphore 
signal, I endorse Captain Gardiner's scheme in this respect most 
emphatically. For some years past the question of doing away with 
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the distant semaphore signal has occupied the attention of railroad 
engineers and others interested in the economical and safe working of 
railways, and there is no doubt that the system now being laid down 
by the Grcat Western Railway upon their main line and branches not 
only completely meets the conditions, but creates a very considerable 
saving in maintenance, and still leaves the management with drivers 
possessed of all their wits. As every railroad engineer knows, the 
bugbear is the “ distant" signal. The number of wrong and faulty 
indications given by one “distant” signal in a year would surprise any 
one not actually connected with the working of a signalling svstem ; 
and when we come to consider that by a wrong indication a driver 
may be sent at full speed along a section with the “home” signal “оп” 
but not visible to the driver until almost passed, we are faced with a 
very grave and serious responsibility if such a state of affairs be allowed 
to continue upon our railways without in some definite and emphatic 
way showing our disapproval of it, and that part of the system in 
which it is contained. The fact that the management of the Great 
Western Railway have seen this danger, and are combatting it by the 
displacement of the distant semaphore signal by an efficient, audible, 
and visible, cab signal speaks volumes in itself, and certainly points the 
way to those who have been studying the signal problem. 

In reference to the “reduce-speed” indications—as suggested by 
Captain Gardiner—the audible signal in place of the distant зета- 
phore could be very well used for this purpose. In the case of a junc- 
tion with several lines branching in different directions, the “ distant " 
signals could be given against the drivers irrespective of the * home " 
or “stop” signals. This would serve to obtain a reduction in speed, 
and should there be a curve on a small radius where speed should be 
reduced the “ distant" signal could be kept permanently “ on," and so 
make sure of application of the brake. In emergency a ramp may 
be placed anywhere—temporarily—upon a line, and the lamp or flag- 
man done away with, together with his antiquated system of fog 
signals or detonators. 

There may be a diversity of opinion as to the mechanical appli- 
cation of the brakes at the “ distant" and “home” signals, but I am of 
the opinion that the solution is to be found in the provision of an 
automatic “leak” brake being applied when the “distant” is “оп,” 
and a "trigger" cock and train “stop” at the “home” or “stop” 
signal, and this will alsó constitute an accurate check as to the correct- 
ness of the signals received. Turning once more to the abolition of 
the distant semaphore and its replacement by audible and visible cab 
signals. The fact of doing away with the distant semaphore will 
leave one semaphore only—a “stop " signal —upon the road. At night 
there will be only one red light instead of two for the driver to pick 
up. Every semaphore signal will be a definite “stop” signal. The 
signal upon the road will be the “stop” signal—and the signal upon 
the cab the reflex of the road signal—no matter what the conditions 
are then—the driver will have two different and distinct indications 
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which it will be impossible to mistake or confuse in any way, and I 
maintain that the conditions that tend to confuse the drivers should be 
removed and done away with, root and branch. 

The system as cited above is equally well adapted for single-line 
as for double.line working—by an ingenious arrangement—the polarity 
of the current transmitting the indications to the ramp is reversed, 
thus cancelling the “up” or “down” signals as required. In Colonel 
Yorke’s report to the Board of Trade on the very serious accident 
which happened at Shrewsbury just over twelve months ago—although 
he does not say so in so many words—he clearly indicates the advis- 
ability of some form of cab signal, giving distinct signals for “ safety” 
and “danger,” and also the operation of an automatic brake upon the 
train should a “ danger” signal be received. 

In finally considering Captain Gardiner’s system, he will, I know, 
forgive fair criticism—and I must express my opinion in that I do not 
consider that the safety of the public will be enhanced by the adoption 
of his scheme of signalling, but rather that it can be more effectively 
protected by the use of an audible and visible cab signal in place of 
the distant semaphore signal, together with a leak brake at the 
* distant," and an irreversible automatic brake at the “stop” signal. 
I therefore hold that the enormous extra expense of Captain Gardiner's 
system, coupled with the multiplicity of working parts, would not be 
justified by results. 

We have the approximate cost of putting down the installation, but 
unfortunately Captain Gardiner has afforded no clue to the probable 
cost of maintenance, which I think would be very considerable. 

Mr. J. SAYERS: It seems to me that if the system could be installed 
at a reasonable cost on any railway, and would work always as it has 
worked to-night, we should have to consider the policy of scrapping our 
present apparatus and putting in Captain Gardiner's; but the point that 
concerns all responsible railway engineers is, will it always work as it 
bas worked to-night? I do not think it is competent for anybody to 
pronounce a decided opinion in a short time upon such a comprehensive 
scheme, and I should not venture to do so myself. "There is a natural 
objection to introducing such a large number of complications as would 
have to be introduced to replace the present semaphore signal. Captain 
Gardiner’s system is worked by means of track circuits which, of 
course, are not new, and we are invited to risk the safety of all traffic 
upon the perfect working of track circuits. 

To be brief, I am not prepared to advise our pcople to do this, 
although I think the track-circuit system when properly laid down is 
for through running lines as reliable as any other apparatus. The 
track-circuit controlled signal is a safe signal when used to break up 
long sections of straight running lines without connections, but is not, 
in my opinion, a safe signal to be used whether as a semaphore or as 
a cab indication when a train is running at high speed through junction 
connections. In the first instance, the driver's eyesight would be of 
enormous value to him if the signal happened to have given a false 


Mr. Buck. 


Mr. Savers. 


Mr. Sayers. 


Mr. Jacobs. 


148 GARDINER: RAILWAY SIGNALLING. [Oct. 28th, 


indication, but in the second case his eyesight is of no use to him, as 
a false indication is given when he is right on the danger. Asa minor 
matter I would suggest that any continuous automatic signalling system 
should have the adjacent track circuits divided by a short length of 
track with the two rails short-circuited so as to prevent leakage from 
one joint to another. 

I should like to ask Captain Gardiner whether this system provides 
for overlap. With no overlap two trains may get absolutely into 
contact without any failure of the system, whereas this should not be 
possible by at lcast $ mile. 

With regard to the insulation of the track conductor, I am of 
opinion that it would not be sufficient to rely upon wooden supports. 
Captain Gardiner would require, I think, higher voltages than are used 
on ordinary track circuits, and this would require definite insulation. 
It is very extraordinary what a very small amount of continuous 
leakage of current can do in the way of destruction of material. 

A locomotive when running on the lines has a considerable amount 
of side play—something like 5 in.—and this must be allowed for in 
the collector. In addition, allowance would have to be made for such 
things as super-elevation and margin, and I think it would be found 
very difficult to put on a modern locomotive five shoes or collectors 
wide enough to make a reasonable contact at any speed to stand the 
above side play, etc., and not to foul the wrong ramp. І should like to 
ask Captain Gardiner to explain whether there are two ramps to operate 
the danger magnet in the engine at each break of the track conductor, 
and is the danger indication given at each such break? As most rail- 
ways are thinking of going in for electrification, I would like to suggest 
that there would be some difficulty in adopting the system on account 
of the drop of E.M.F. in the rails. 

Mr. C. M. Jacoss : Captain Gardiner's paper is very interesting and 
is bristling with points, but I will confine myself to the criticism which 
is made on the system in use on the Great Western Railway. In refer- 
ring to the Great Western system of cab signalling Captain Gardiner 
suggests that an element of danger is introduced because our distant 
cab signal is different in form from the semaphore “stop” signal; but one 
would have thought that that would have been an advantage, seeing 
that in the first part of his paper Captain Gardiner himself refers to the 
necessity for a distinction between “distant” and "stop" signals. He 
also appears to think that the Great Western Railway system does not go 
far enough because we have not introduced a cab signal which would 
perform the same function as the semaphore “ stop" signal. It is pre- 
cisely because we think that a cab signal cannot perform one important 
function of the semaphore “stop” signal that we have retained the latter. 
There are certain points on railways which under certain conditions 
trains must not pass. It is not sufficient to tell a driver that he is 
coming to such a point, but for some time before he reaches it he must 
continuously be aware of his relative position to it. It is necessary, 
therefore, that such points be provided with some kind of landmark, 
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and a post is very convenient for this purpose because it can also Carry 
a semaphore arm and so give direction as well as location. Аза cab 
signal cannot give location, but only direction, it is not suited for taking 
the place of a semaphore “stop” signal. І сап hardly agree with Captain 
Gardiner that manual signalling is deficient in safety compared with 
track-circuit signalling. The latter, like manual signalling, has its 
weak points. A defective track relay is as likely to cause disaster as 
is a negligent signalman. By introducing track-circuit signalling in 
place of manual signalling we merely transfer the responsibility for 
the safety of the trains from the signalmen to the electricians. Neither 
track-circuit signalling nor manual signalling are absolutely perfect— 
an ideal system, if it could be afforded, would, no doubt, be a сот. 
bination in which track circuits checked the signalmen and the 
signalmen checked the track circuits. 

With regard to speed reductions and route indications, I think it is 
doubtful whether it is desirable to introduce so many kinds of signals 
into the cab of an engine. The most important signal so far as fast- 
running trains are concerned, and the signal, moreover, which is the 
most difficult to control, is the “distant,” and if this signal can be cor- 
rectly indicated on the train, that would appear to be going as far as 
necessary in the direction of cab signalling. Atany rate, that is the 
conclusion we have come to. It may yet be an open question as to 
whether it is desirable to shut off steam or apply the brakes auto- 
matically, but whatever is done in this direction should, I think, be 
confined to the “ distant" signal. 

The only point left for me to remark upon is the capital cost 
involved in this system. Captain Gardiner states that it will cost us 
about £160 per mile for the automatic arrangement, and something 
like £40 or £60 for each engine. As we have about one engine per 
mile of track I suppose it will bring it up to about £200 per mile, 
which would work out to a cost of at least half a million pounds on a 
large railway such as the one I have the honour to represent. Such 
a system as this would, of course, have to be adopted generally, and 
could not be done piecemeal. Itis rather a scrious amount in these 
hard times, but if the railway companies could persuade the Stock 
Exchange to lend them the money they might look seriously and with 
sympathy on a scheme of this kind. 

Mr. F. DowNEs: The application of the track circuit is very 
interesting and could be made very profitable on railways, more par- 
ticularly in the direction suggested by a previous speaker of applying 
the system to give the driver in his cab an indication of the “distant” 
signal, and if we can provide a continuous signal in the cab from the 
* distant" right up to the “ home," or even if it is only a repeated or 
intermittent signal, I think we have gone a long way in helping the 
driver to identify his situation on the line and to ascertain if it is 
s clear” in advance. 

I should like to refer more particularly to the point where Captain 
Gardiner states that if there is leakage across the insulated joints from 
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Шы T one track to another, in the event of the insulation being bad it would 
“merely lengthen the track circuits. It occurred to me that the half- 
mile track sections suggested would be far too short for fast-running 
trains to be able to stop, and if the sections had to be extended very 
considerably, with leakage from one track to another, is there not a 
risk of the track batteries and the relay apparatus failing to work cor- 
rectly, and in consequence of very bad weather running the battery 
down and de-energising the relay through leakage from rail to rail? I 
think that would be likely to happen when it is considered that a track 
circuit only 500 yards long on the Great Northern Railway gave as low 
as 0'8 of an ohm insulation resistance. Again, were the track circuits 
to be divided in order to prevent any leakage from one track circuit to 
another it would be necessary for some short distance to separate them, 

and more than one insulated joint will be required. 

Permanent way engineers object to the cutting of rails, and with 
the present practice of laying 95 lbs. British Standard section rails, 
which are 15 yards long, would there not be a risk of solitary vehicles 
standing on that uninsulated portion and creating danger in that way ? 

As to the cost of laying down the track-circuit system, I see no 
mention made for dealing with cross-over roads, and in order that the 
track circuit may be continuous it would be necessary either to insu- 
late the cross-overs or to use bonds and adopt very long cut-outs, with 
a further risk of danger in the same direction. 

Another point is that there is very little room оп an engine to instal the 
apparatus that we see before us, and to find room to put them in a position 
whereby the linesmen could get at them to clean them would certainly 
be a great drawback to the installation. Unfortunately, climatic con- 
ditions are not always favourable, and certainly interfere with track 
circuits very greatly. During heavy snowstorms, etc., the ramps sug- 
gested to be installed at busy points would be seriously affected. The 
contact between the engine and the track conductor also requires more 
consideration than is given in the paper. I do notthink that T iron 
or even steel would be a suitable substance to use, because Captain 
Gardiner recommends a very light contact so as not to knock such 
apparatus to pieces, and a very light contact over rusty T iron might 
cause sufficient resistance to break down the apparatus. Would it not 
be better to use such a substance as phosphor bronze? If this is 
more advisable the cost would again run up. 

nS Mr. Т. Нлкохс CHURTON : Though I quite agrec with the prin- 
| ciple that the failure of the signalling apparatus should have the effect 
of stopping the train, I should like to ask whether this may not, in wet 
weather, owing to leakage, result in many trains being held up unneces- 
sarily, thereby badly disorganising the traffic ? No doubt this point has 
been considered, but has not, I believe, been particularly referred to, 
though its importance appears unqucstionable. 
Mr. Mr. JAMES BOWMAN (communicated): The author has outlined a 
Bowman, М ? 
very complete theoretical basis for a new development, and I regret 
that I cannot be present to witness the practical demonstration of 
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the principles laid down in the paper. I have some difficulty in 
following the description of the local circuits and relay contacts of 
the engine apparatus, which I think might, with advantage, have 
been illustrated with detailed wiring diagrams. However, the general 
principles of the suggestions seem to be sound. 

Practical considerations loom so largely in the vision of the average 
railway-man that he can hardly bring himself to discuss any problem 
on its theoretical merits, and I am afraid the suggestions put forth in 
the paper will meet with a good deal of prejudiced criticism. 

There can be little doubt that the idea of having continuous com- 
munication between the track apparatus and the engine cab is more 
desirable than merely intermittent sections in which signals can be 
transmitted, because, as not infrequently occurs in emergency, it is 
necessary to reverse a “ clear” signal in the face of the driver to avoid 
a mishap, and it seems only proper that precaution should be taken to 
ensure that such a reversal of the “clear” signal can be made at any 
point in the track section. The practical difficulty of securing a good 
continuous contact in all weathers is not so difficult as many engincers 
anticipate. This has been proved by experiments carried out both 
in this country and in America. The “reduce speed” indication is a 
good feature of the cab apparatus. There is a felt want for a definite 
signal of this nature, there being no very distinctive signal at present 
іп іе at all places where speed restriction is necessary. 

Some companies are making a practice of fixing at “danger” the 
* distant” signal for all branch line and through crossings where speed 
restriction is desirable. This practice I do not consider is at all advis- 
able. The function of the “distant” signal is distinctly a block one, 
to indicate that the driver must prepare to stop at home if required. 
Another obvious objection is that, once a driver finds that while the 
* distant " signal is always at “ danger," he invariably finds the “ home” 
and “starting " signals clear, then the “danger distant " signal loses its 
significance as a cautionary warning, and the driver ceases to take it as 
a definite signal for speed restriction. With the recording devices as 
witnesses against him, a driver would be very carcful to see that he took 
the necessary means to reduce speed, apart from any automatic action 
of the apparatus, when he received the “reduce speed” signal. The 
recording charts would undoubtedly be a very convenient method of 
checking the actual train speeds against the maximum speeds allowable. 

I believe the polarised relay to be absolutely essential to prevent 
false indication due to stray currents, and should always be used in the 
vicinity of electric systems, which may induce currents of a dangerous 
nature. 

'The number of locomotives on British lines will work out consider- 
ably over o'4 engine per mile. On the Caledonian Railway it is 
approximately 0:82, and for some of the larger English companies 
it must be about 1%. | 

The author has given costs per mile, by which I understand him 
to mean per mile of double track. The cost is not prohibitive in the 
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Esos case of simple running lines with no complications, but the cost of 
tracking complicated yards would be very much higher than the figure 
mentioned by him, so that cost per mile double track is not much to go 
on. The cost of maintenance would also be a very considerable item. 

There is a point of importance which is very often overlooked when 
discussing this subject of electric cab signalling, viz., the necessity for 
one standard system being used over all lines, particularly those having 
running powers over other railways. Before any extensive adoption of 
cab signalling can be made there must be some understanding between 
railway engineers as to the system to be adopted. Itis imperative that 
the system shall be such that engines of one company may be so fitted 
that they may run over the lines of any other company without modify- 

8 ing the cab ог track apparatus. 

eM Captain GARDINER (іп reply): There is no question but that the 
` proposals constitute a radical departure from the present-day methods 
of railway signalling, and as such are bound to give rise to much 
criticism of the nature of that offered to this paper to-night. I beg to 
thank the speakers for the kind way their remarks have been put. In 
answering them one is faced with the difficulty of perhaps not having 
fully grasped their meaning, but all I can do is to endeavour to reply 
according to the sense in which they have been understood, and to crave 

indulgence for errors and omissions. , 

In the first place, objection has been raised to the single insulating 
fishplate. This arrangement is, of course, actually in use on the District 
Railway in London; and as far as I have noticed on this model track 
(and I have tested it at various times), I have not fcund the leakage that 
Mr. Pigg fears. If there is any risk, however, there is not the slightest 
reason whatsoever why the other rail should not be insulated too. Іп 
some cases on the model both rails actually are insulated, and the single 
fishplate where admissible simply saves expense. 

As regards the single battery, to which objection has bcen raised by 
one speaker, if two batteries are preferred, there is no reason why such 
an arrangement should not be adopted. The first model made had two 
batteries per section. It is believed that one is sufficient, as now 
shown. 

With regard to continuous signalling, one advantage over intermittent 
signalling is that, should any change occur between the first and the 
second signal, say the “distant” and the “home,” it is immediately 
shown to the driver; but another important advantage comes in. In 
intermittent signalling the cab signal must be combined with an external 
signal, because if the man receives an intermittent signal he cannot be 
expected to go back again to find out if it had been altered. Unless the 
ramp is very long, which means practically approaching the continuous 
system, he cannot be expected to stop over it. With an intermittent 
system, there must be a combination of a warning in the cab and an 
external indication for the ultimate signal, and that is what I personally 
think it desirable to get rid of for the reasons given in the paper. 
The lengths of the section will, of course, have to be fixed according to 
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the requirements of the operating departments, and would depend 
entirely on the conditions of traffic. They may be 1 mile in length, or 
perhaps 3 would do, while on lines such as the District { to } mile 
would suffice. 

Regarding the question of control, it will be a long time before all 
railways are agreed. Some think that the control of the locomotive is 
of very great value ; others, and I am afraid the majority of the loco- 
motive superintendents, will probably take this view. But I am also of 
opinion that the advantages of automatic control would be so great 
that in the course of a few years those who had got the control would 
have taught the others to adopt it. The recorder could not, of course, 
be counted on after an accident had happencd, but since the record 
would be simply on a roll of paper wrapped up in a strong box, there 
is no reason why this should not be available all right after the accident. 
This would be a time record as well, and it would be possible to see 
what the signal had been up to the time of the accident. In any 
case, apart from an accident altogether, the driver is enabled by it to 
watch the working of the trafic. At present he may be ordered to 
reduce speed, but as often as not he does not doso. If there were a 
recorder on the locomotive, there would be a constant check on him, 
which I believe he would eventually welcome himself as much as his 
officers. It frequently happens that the drivers complain of delays due 
to signals while the traffic department maintain that there were none. 
By the adoption of this method there is an opportunity of clearing up 
the matter with some degree of satisfaction, 

As regards selection, at places where there are points it would be 
necessary to retain the signalman. He will then decide, as he does 
now at Earl’s Court and elsewhere on automatically signalled lines, 
which train is to have precedence. So far I grant the human element 
must come in, and the signal that has been decided upon will then be 
automatically given on the locomotive, just as it is now given оп а 
semaphore, but with the advantage that the signal is recorded. The 
signal given would be automatically controlled, just as you do now to 
prevent a signalman pulling over a wrong lever. Many of the objections 
raised against the system this evening would apply with equal force to 
anv automatic system of signalling, whether cab or semaphore. Opinions 
will, of course, for some time yet continue to differ as to whether auto- 
matic signalling or manual is the best, but the automatic working of 


signals is growing іп this country and has come to stay, while it is . 


growing with still greater rapidity in other countries. Automatic sig- 
nalling is working very satisfactorily on the London and South-Western 
Railway and on the District Railway, and on the latter it would be 
impossible to work the present traffic with any system of manual 
control. 

Mr. Acfield raised the question as to the position of the ramp. 
The position of the ramp can be wherever the officials of the company 
desire—a mile or half-mile away if required—and the only eftect of the 
distance would be a slight extra expense for the cable connections with 
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the points. The affection of the driver for the semaphore may be as 
great as that which has been attributed to him, but in my opinion he 
would soon learn to prefer a signal that he could always see to one 
which very frequently cannot be seen, and which at best requires years 
of learning before it can be correctly interpreted. At present a man 
has to run over a certain section for a considerable period and get 
accustomed to its signals before he can thoroughly master them ; but 
with this device all selection is done for him, and he is given an 
unmistakable * stop" signal, which means that he has got to stop. 
The long period of learning would be abolished, and he would simply 
have to obey the siguals in front of him. Ido not tbink the driver has as 
much intelligence attributed to him as might Бе. It is a fact that he gets 
so familiar with the route as to know by the very sound of the bridges, 
etc., where he is. If, then, he gets so intelligent as that, I think he 
could be trusted to locate his position by the bridges on the road and 
the houses alongside and get to know his position equally well as at 
present without a semaphore. Moreover, we are no longer dependent 
in the same way as with visual signals upon the driver knowing exactly 
where he is, for theoretically he can be dispensed with altogether. 
If he does make a mistake and there is any danger, his train will be 
automatically stopped. 

As regards the preventing of drivers from passing “home” signals, 
I have shown a special signal here that acts on passing the “ home" 
signal. The driver has not in this case to get down from his engine to 
cancel its control, but if it is wished that he should do so and bring 
his train to a violent dead stop, there is no difficulty in arranging 
for it. Much fear has been expressed lest we should turn the driver 
into an automaton. Personally I would prefer being taken safely by 
an automaton to being killed by a driver. 

It is proposed as an alternative to my “reduced speed” signal to 
introduce an additional “ distant " signal and give it a new meaning. I 
think signals have too many * meanings" already, because they now 
have to be interpreted. A “distant” signal with a new meaning hardly 
scems desirable. 

It is not quite correct to say that the track circuit is being depended 
upon for safety. The safety depends upon gravity. The track circuit 
may give a “stop” signal unnecessarily, and may thus delay the traffic. 
The safety is not dependent on the track circuit because the cessation 
of the current is going to give a danger signal, and therefore it is 
dependent on gravity. I grant that a large degree of accuracy is 
essential, but the accuracy of automatic working is equal to that of 
any system of signalling. On the District Railway they are running 
with something like 100,000 movements for every unnecessary “ stop "' 
signal, and that is a percentage that few signalmen can place to their 
record, The percentage of false “clears” is insignificant. 

Mr. Sayers asks regarding overlap. On this system no overlap is 
necded. The overlap is provided because on the District Railway the 
“home” signal may be overrun; here there is (with the control) no ques- 
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tion of overrunning, since the automatic action comes into play suf- 
ficiently far back to insure the train pulling up before reaching the 
occupied section. Should he deliberately proceed, he is merely notified 
that һе has entered that section. “Ав regards the inquiry as to the 
number of danger ramps, there is only one: protecting the issue from 
each signal section. The best way of making its action clear will 
probably be by a further demonstration on the model. 

As regards insulation, it is wonderful what can be done with wood 
if dipped in parafhn wax. Here again, however, the best form of 
insulator can only be devised after actual practical experience. 

Contact is not an insuperable difficulty, and if the advantages to 
be gained by securing it are worth the trouble involved (as I have 
endeavoured to prove that they are), there is no doubt that some satis- 
factory form of contact will be arrived at. I fully admit the side- 
rocking action one speaker has referred to, and which will have to be 
provided for in any successful design of contact maker. There are 
only three lines of collectors for giving the essential signals * clear," 
* stop," “ danger," and “reduce speed." The collectors for the siding 
indicators could be quite small brushes, such as are already actually 
working on one of the London railways in which a brush contact is 
used for their present signalling. The indicator brushes, which are 
the most alarming feature on the little model locomotive, would not 
necessarily be as large as they appear here, and if the railway does 
not require to give these indications they may be dispensed with 
altogether, as it is no part of the safety of the signalling system. 

When electrification is more in general use no doubt extra pre- 
cautions will be required. On the District Railway Brown's patent has 
been adopted, and I think it would be equally efficacious on this line. 

As regards the objection quoted in my paper to the Great Western 
signal, I do not think that it has been altogether understood. My belief 
is that the driver will prefer the signal on his cab and gradually take 
to relying wholly on that signal. He will receive a “clear” signal as 
he passes the “distant,” and in 1,000 cases his “home” will be clear 
also. In the r,oorst case the “home” will for some reason have been 
thrown to “danger” subsequent to his having passed the “distant,” 
but such an occurrence being rare, he will have learnt to rely wholly 
upon the signal in his cab, and the alteration to the * home” signal will 
thus be unnoticed. 

The system is bound to cost something. Mr. Bowden has given us 
a list of accidents that have occurred under the present system. Мау 
we not add up the cost of these accidents and put that total against the 
cost of installing a safer system of working? Iam not in a position to 
guess what these accidents have cost, but I think published figures 
have put the cost of the Salisbury accident alone as close upon 
£100,000. This sum would go a long way towards installing auto- 
matic signalling, and these accidents are bound to recur in the future 
just as they have occurred in the past, if not more so, owing to the 
increasing traffic. 
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PRACTICAL CONSIDERATIONS IN THE SELEC- 
TION OF TURBO-ALTERNATORS. 


By M. KLoss, Dr.-Ing., Member. 


(Reccived from the MANCHESTER LOCAL SECTION, October 2, and read at 
Manchester November 3, 1908.) 


Whenever a new invention is brought out, its development is to a 
certain extent retarded by the fact that people base their judgment of the 
new thing on their experience with old things, or, in other words, they 
measure it with the same scale they are accustomed to use without 
first considering whether this attitude is fair towards the new thing. 
This is only natural and cannot be avoided. After some time they 
begin to perccive that this method of measuring the new thing with an 
old scale does not lead to very satisfactory results, and it is at this stage 
of development that there is a certain danger of misjudging the new 
thing, simply on account of the fact that it is somewhat different from 
what it was thought to be. It seems to me, therefore, the duty of all 
who take an active part in its development, to show that the supposed 
discrepancies are chicfly duc to using the wrong scale, to provide 
the right scale instead, and to show the proper point of view from 
which the new thing ought to be looked at. 

These considerations have often occurred to me when designing 
turbo-alternators, especially when reading specifications for such 
machines. Very often one finds conditions laid down in a specification 
which are simply copied from slow-speed alternators where they are 
quite within the limits of commercial or physical possibilities, whereas 
in the case of turbo-alternators they may be impossible of fulfilment 
owing either to mechanical reasons or to commercial considerations. 

1 therefore regard it as advisable to investigate some of these points 
from a designer's point of view for the guidance of those who have to 
get out specifications for turbo plant. This is the more important at 
the present juncture, as the various makers have now gained a more or 
less costly experience in manufacturing this new class of machinery, 
while on the other hand, the demand for larger high-speed units is 
constantly increasing. 

The three points with which I propose to deal in this paper are :— 


I. The ventilation. 
2. The voltage regulation. 
3. The power factor and its influence on the size of machine. 


1908. ] SELECTION OF TURBO-ALTERNATORS. 157 


I. THE VENTILATION. 


In old times (relatively to the electrical industry), nobody troubled 
themselves about the heat produced by a dynamo in the form of losses. 
There was plenty of money on the part of theuser and therefore plenty 
of iron and copper was used by the designer. However, when compe- 
tition became keener and the theory of the design was better under- 
stood, the makers were driven to squeeze as much output out of their 
machines as they possibly could. The limit was then given by the 
heating of the machine. Now designers are not satisfied even when 
they have found out how to predetermine the heating under given 
conditions, but they are carefully studying the laws of ventilation with 
a view to improving this through proper design or even by providing 
special means for ensuring the most efficient method of cooling a 
machine. 

However, for the user it was hardly necessary to gointo thequestion 
of ventilation, because the heat produced by the electrical apparatus 
was relatively so small compared with the volume of air in the power 
house and with the rate of radiation through walls and roof, that therc 
was no need to provide special means for getting rid of the heat, and 
the natural ventilation through windows and doors was quite sufficient 
to renew the air. 

The heat prodaced by an electrical apparatus or machine will 
naturally increase with its output, although larger units have a better 
efüciency than small ones. But at the same time the size of the 
machine increases with the output, and, therefore, the space within 
which the heat is produced and also the surface through which it is 
dissipated into the room surrounding it, will naturally increase. The 
increased size of machine will require a larger power house, and hence 
the capacity of the air and the radiation and natural ventilation will 
increase, so to say, automatically, without involving any need for the 
user to consider specially the question of ventilation. 

However, it is well known that under otherwise equal conditions 
the output of an electrical apparatus increases approximately in pro- 
portion to its volume or as the cube of its linear dimensions, whilst 
the radiating surface only increases as the square of the same. Hence 
there must be a limit of size where the surface is no longer sufficient to 
radiate the heat produced in the apparatus. This is the reason, for 
instance, why transformers above a certain output can only be built with 
artificial ventilation. As regards machines with moving parts we are 
much better off, because they produce through their own motion a 
natural ventilation which helps to keep the machine cool. 

Now it is the introduction of the turbo machines which forces us 
to follow a different course from that which we were accustomed to 
pursue before. This refers not only to the designer, but to the same 
extent also to the user. Of course it is only natural that in the 
beginning of such development the users concerned would be some- 
what reluctant if told they must provide special arrangements for 
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ventilation, and they are apt to point out that such things were never 
necessary with their reciprocating sets even of very large capacities, 
and that they fail to see why such a complicated scheme is necessary 
with a turbo machine. 


Volume = 31m? 
Surface = 02 m? 


“Losses «100 KW. 


FIG. I. 


However, that does not alter the fact, and I feel sure the time is not 
far distant when we shall have to regard a scheme of ventilation for a 
turbo-alternator of large capacity as a natural and essential part of the 
plant just as one does the condensing plant for the steam portion. 


Volume = 22-4m° 
.— . Surface = 45m 


Losses e 250 KW. 


| | 
| FIG. 2. 


In order to make this quite clear, Г give in Figs. 1 and 2 the 
overall dimensions of а slow-speed alternator for 2,000 k.w. and for a 
turbo-alternator for 6,000 k.w. The slow-speed machine would go into 
a cylinder of 7:8 metres diameter and 0°65 metre length, which gives a 
volume of 31 cubic metres (= 1,100 cub. ft.) and a surface of 112 square 
metres (= 1,200 sq. ft.) The total losses in this machine are about 


— — M— r — ү a 


1908. ] SELECTION OF TURBO-ALTERNATORS. 159 


100 k.w. If we compare the turbo-alternator, which is drawn to the same 
scale in Fig. 2, we find the corresponding figures are 22:4 cubic metres 
(= 790 cub. ft.) and 45 square metres (= 485 sq. Ё). However, the 
losses in this machine are about 250 k.w., or 2$ times as great as in the 
other machine. For every 100-k.w. losses therefore there isonly a volume 
of 9 cubic metres available against 31 cubic metres in the large machine 
(that is, less than one-third), and the available surface is only 18 square 
metres per 100 k.w. against 112 square metres in the first machine (that 
is, less than one-sixth). I think these figures show clearly that it is 
quite necessary for the designer to provide special means for dissipating 
the heat, which is generated in a relatively very small space. This is 
the more important as the high peripheral speed at which modern 
turbo-alternators run is liable to produce noise, and in order to reduce 
this as much as possible one is bound to enclose the whole machine. 
The result is that the conditions of cooling by simple radiation and 
conduction to the surrounding air are made still worse. 

The consequence of this is that makers must design the rotors 
so that, either by their own shape or by additional fans at their ends, 
they produce a strong draught through the machine. This seems to be 
now quite common practice, at all events with machines, say, up to 
about 3,000 k.w. | 

If, however, sets of larger capacity are to be installed the user has 
to face the fact that rather large quantities of heat will be produced in 
a comparatively small space, and it is quite a serious problem to con- 
sider beforehand what he is going to do with this energy. For instance, 
in a power station where it is intended to instal six turbo sets of 
6,000 k.w. each, the amount of heat produced by these six sets running 
at the same time will be something like 1,500 k.w., without allowing 
for the heat radiated by the steam turbines. If this great amount of 
energy were allowed to go into the engine-room without special 
provision for dispersing it, it would not be surprising to find the 
temperature in the engine-room rising rather rapidly to a point which 
would make it impossible for men to stay in the room. 

The heat created in the room can escape only in two different ways: 
À portion will be conducted and radiated by the walls, the roof, and the 
floor ; and another portion will disappear by the natural renewal of the 
air through windows and doors. If these two means are not sufficient, 
special arrangements must be made for ventilating the room. 

Now, if the amount of heat passing through the walls is calculated, 
it will be found that this is comparatively small. For instance, I have 
assumed that a house of very ample size would be provided for the 
6,000-k.w. alternator mentioned before, and I have calculated how 
much heat would be conducted and radiated by walls, roof, and floor. 
Assuming an outside temperature of 25? C. (— 77? F.) and a room 
temperature of 34? C. (= 93? F.), corresponding to conditions of a hot 
summer day in England, I find that this quantity of radiated heat only 
amounts to about 15 k.w., which is practically nothing compared with 
the total loss of 250 k.w. 
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Now, when it is admitted that special ventilation must be provided 
for the power house if large units are to be installed, it seems to me to 
be somewhat unreasonable, first to let this quantity of heat enter the 
engine-room (making it very uncomfortable to stay therc), and after- 
wards to adopt means to drive it out again and replace it continuously 
by air taken from outside. I rather think the idea must offer itself to 
the user that the best and easiest way would be not to let the hot air 
issuing from the machine enter the engine-room at all, but to take it 
straight away from the machine to the outside through special ducts. 
A further consideration leads to the conclusion that it is also very 
advantageous for the cooling of the machine not to use the engine- 
room air as a cooling medium (as it is already warm to begin with), but 
to take the necessary cooling air direct from the outside atmosphere. 
This arrangement also enables the cooling air to be cleaned by passing 
it through a filter, thus avoiding dirt and moisture getting into the 
machine. 

But it is not only for the sake of convenience that instead of ventilating 
the engine-room the machines should be ventilated directly. It is also 
very advisable to do this from the point of view of saving capital and 
running costs. This will best be explained by carrying out a compara- 
tive calculation of the amount of air required for cooling by the two 
different methods. 

This amount of air can be found from the formula— 


_ (т 4 000361 у т 
gs (сс; (1—1) ) Sec.” 


where і is the engine-room temperature in degrees С. 
t, the outside temperature in degrees C. 
L the amount of heat to be taken away in kilowatts. 
and У the necessary amount of air in cubic metres per second. 


This figure must be multiplied by 2,120 іп order to give it in cubic 
feet per minute. 

If we first assume that the engine-room is to be ventilated on a 
hot summer's day under conditions as given before, namely, ¢ = 34? C., 

3 

[1 == 25° C., 1 — 1, 29 C. we find that У = = Mes That is to say, 
for every 10-k.w. loss we require 1 cubic metre fresh air per second, or 
for each kilowatt loss we require 212 cub. ft. per minute. 

On a cold winter's day with {=20°С., /, = — 5° C., 4 — f, = 25°C., we shall 

3 

require V = аз a or about one-third of the quantity which would 
be required оп a hot summer's day. We will now apply these figures 
to the case of the 6,000-k.w. alternator, and we will assume that out of 
the 250-k.w. losses about 50 k.w. might go away through walls and 
openings. Then we must provide for a special ventilation of the room 
to oarry away 200 k.w. This would require on a hot day not less than 
20 cubic metres per second, or about 42,000 cub. ft. per minute. 
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If we, however, provide a special ventilation scheme for the 
machine itself, we can of course allow the air to rise to a higher 
temperature, because it does not pass into the engine-room. Assuming 
а rise of temperature of 25° С. (= 45° Е.) between the inlet and the 
outlet air on a hot summer day, we would require only g cubic metres 
per second, or 19,000 cub. ft. per minute. These figures show clearly 
that by providing a ventilation scheme as part of the machine plant 
instead of part of the building plant a saving in capital outlay and 
running cost might be effected. 

As an example of a complete and very effective ventilation scheme 
I should like to mention the Stuart Street station of the Manchester 
Corporation, where the new 6,000-k.w. Siemens-Willans set is ventilated 
in this way. An illustration of the arrangement is shown in Fig. 3 and 
a description of it has already been published.* 

In conclusion I should like to cnumerate again the chief advantages 
of this system :— 

I. The machine is cooled with fresh, clean air, free from dirt and 
moisture, and therefore has a lower temperature rise than if the 
ventilating air was taken from inside the power house. 

2. The machine is fully enclosed, and by this means the noise 
reduced to a minimum. 

3. The appearance of the machine is greatly improved. 

4. The hot air issuing from the machine does not enter the engine- 
room, so that it is quite easy to keep this at a moderate temperature. 

5. The capital outlay for the necessary ventilating plant is smaller 
if the machines themselves are ventilated than if the engine: -room 
is specially ventilated. 

6. In addition to this it is quite possible to utilise the energy 
contained in the hot air. It could be used either for heating buildings, 
or heating feed water for boilers, or by blowing it into the boiler fires, or 
for all kinds of other useful purposes, so that one may regain part of 
the energy which would otherwise be lost entirely. 

I am quite aware that there are at present different ideas as to 
whether or not such a ventilation scheme is to be recommended. But 
I am convinced that the final decision cannot be influenced by ideas, 
but only by facts. 

The object of my statements is not so much to advocate one 
particular scheme of ventilation as the best. What I am aiming at 
is to impress upon people connected with the laying out of power 
stations for large high-speed units the great importance of not 
neglecting the ventilation problem. Careful calculations should always 
be made in this respect. The amount of heat produced is to be 
calculated, and then the architect of the building has to state how 
much heat will, under certain given conditions of outside and inside 
temperature, be radiated by the walls and the roof, and how much can 
be got rid of by the natural ventilation through windows and doors. 

* Electrical Engineering, vol. 3. p. 735, 1908. Тат indebted to Mr. S. L. Pearce. of 
the Manchester Corporation Electricity Works, for permission to use this illustration. 
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The calculations will show that these two quantities represent only 
a very small percentage of the total amount of heat produced, and that 
therefore by far the greatest amount of that heat must be dealt with by 
special ventilating arrangements. 


2. VOLTAGE REGULATION. 


I now turn to the question of voltage regulation, and propose to 
show in what respects high-speed alternators differ from slow-speed 
machines, 

In order to build a machine which can give the greatest possible 
output at a minimum cost of manufacturing, we must get as much flux 
through the machine as possible, and provide the highest possible 
number of ampere-turns on the armature or stator, because at a given 


| 60 poles 
FIG. 4. 


speed the output is proportional to these two quantities. Now, the 
number of ampere-turns determines the armature reaction, and in 
order to balance this under normal running conditions, and to keep the 
voltage regulation within reasonable limits, we have to provide a sufh- 
ciently high number of ampere-turns on the field, or, in other well- 
known terms, we must design the machine with a short-circuit current 
which is sufficiently high, compared with the normal current. With 
the ordinary slow-speed alternators, it has become quite a usual prac- 
tice to design the machines such that with no-load excitation the short- 
circuit current is equal to about 2:5 to 3 times the normal current. This 
means that the number of excitation ampere-turns even for no load must 
be 2:5 to 3 times as great as the full-load ampere-turns оп the armature. 
The amount of copper therefore to be provided on the field must be 
correspondingly greater than the copper in the stator. 

In large multipolar alternators there is no difficulty in doing this 
because there is plenty of space left between the poles for the field- 
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winding, on account of the very small angle formed by two adjacent 
poles. This will be seen from Fig. 4, which gives a section of two 
adjacent poles of a 60-pole alternator. The figure is drawn to scale, 
and represents conditions actually existing in practice. Fig. 5 shows а 
corresponding section of a 6-pole turbo-alternator of the salient-pole 
type. The pole-pitch of this machine is in reality, of course, much 
greater than the pole-pitch of the 60-pole alternator. But for our 
investigation we are only interested in the number of ampere-turns per 
centimetre pole-pitch. For this reason the two figures are drawn to 
such a scale that in both cases the pole-pitch is represented by the 
same length. In order to arrive at an idea of the comparative amount 
of ampere-turns per centimetre pole-pitch, we have only to compare 
the useful winding space, as shown in the two figures. The ratio of 
the two available areas is, of course, not equal to the ratio of possible 


6 poles oS 
Y 
FIG. 5. 


ampere-turns per centimetre pole-pitch, because the current density 
may be different in the two machines. Still, with due allowance for 
this difference we can get an approximate idea of the actual conditions 
by simply comparing the useful winding space. The two figures show 
that in the case of the 6-pole turbo there is only about one-quarter of 
that winding space available which can be made use of in the 60-pole 
slow-speed alternator. 

It is therefore evident that we shall not find the slightest difficulty 
in the latter case to provide for a large number of ampere-turns and 
still keep the field quite cool. Or in other words, we can easily design 
a slow-speed alternator with a high short-circuit current, and conse- 
quently with a good voltage regulation, without being restricted by the 
heat limit of the field. The output of the generator will be more 
linited by the magnetic densities than by the armature strength 
(number of ampere-bars per centimetre circumference). | 
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If we now turn to the 6-pole turbo of Fig. 5, it is clear that here we 
must come up against the heat limit of the field on account of the 
rather restricted winding space, and I think every designer of turbo- 
alternators will agree that the output of such a machine is never limited 
by the stator, but always by the rotor, whether this may be of the 
salient pole or of the cylindrical type. 

In designing a machine which should be saleable as regards price, 
one is bound to go to the heat limit of the rotor. But even then, for 
the simple geometrical reasons given in Fig. 5, it will not be possible to 
obtain the same number of ampere-bars per centimetre as in a multipolar 
machine. Consequently the armature strength must also be reduced, 
which means a reduction in the output per centimetre circumference, 
with a corresponding increase in price per unit of output. Now, in 
order to prevent this increase in unit price from becoming prohibitive, 
we are driven to design the machine with a comparatively lower short- 
circuit current, because then we need not reduce the armature ampere- 
turns per centimetre in the same ratio as we are bound to do with the 
field ampere-turns. This, of course, results in sacrificing something of 
the regulation of the machine, and it is this point which I want to make 
quite clear to those who have to draft specifications for turbo-alter- 
nators. One should always bear in mind that it is not possible to 
obtain the same regulation figures with a turbo as with an ordinary 
multipolar slow-speed machine. When I say “it is not possible," I do 
not mean, of course, "physically impossible," but impossible from 
a "commercial" point of view, because the regulation of any given 
machine is only a question of rating, and therefore a low regulation can 
only be obtained by an increase of price per unit of output. However, 
it seems rather doubtful whether any station engineer or any corpora- 
tion would be willing to pay a considerable excess of money in order to 
get a machine with the same voltage regulation as can without difficulty 
be obtained with a multipolar alternator. 

Now, having outlined the reasons for the difference in the con- 
ditions of voltage regulation in the two classes of machines, I will go 
more into details and show some curves, which will give an idea of the 
quantitative difference in the two machines. | 

Fig. 6 represents a typical open-circuit characteristic which I have 
used as a basis for all further investigations. For the sake of com- 
parison, I have chosen the scale so that I call the normal voltage 
тоо per cent. and also the corresponding no-load excitation тоо per 
cent. At this excitation the machine will have a certain definite value 
of short-circuit current I,, whilst the normal current of the machine is 
І, at a certain power factor = cos ф, and we will measure the current, 
not in amperes, but simply by the ratio of its value to the short-circuit 


current, that is to say, 2 This factor will therefore give the rating of 
k 


the machine corresponding to its kilovolt-ampere output, on which the 
size of it will depend. For the station спріпсег, however, the kilowatt 
output of his machine is the more important quantity, and in order to 
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introduce this into the comparative investigation we will call the watt 
component of the current I,, which will, of course, be =I, cos ф, and 
therefore the kilowatt output of the generator can be expressed by the 
ratio Y | 

If we now want to find the full-load excitation, we have to allow an 
increase in excitation due to three different factors: first, the increase 
in flux through the gap due to the armature leakage ; secondly, the 
necessary ampere-turns to counterbalance the armature reaction ; and 
thirdly, the increased pole leakage. Thus we obtain a full-load excita- 
tion, represented by point C in Fig. 6. If the load is taken off at 
constant excitation and constant speed, the open-circuit voltage will 
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then be given by point D, and therefore the distance C D represents 
the rise in voltage for inductive full load, and this is the quantity which 
the designer has to kcep within a certain limit, in accordance with the 
specification he has to work to. The уаше of C D, however, does not 
solely depend on the distance B С, and therefore оп the three factors 
mentioned above; but it is to a large extent also determined by a 
fourth factor, namely, by the shape of the open-circuit curve. It is 
evident that with the same excitation AC in Fig. 6, a machine with 
a flat characteristic will have a smaller voltage rise than a machine 
with a steep open-circuit curve. As the shape of this curve depends 
on the saturation of the magnetic circuit, we must find a way to signify 
the degree of saturation prevailing in a machine. The simplest way to 
do this is to introduce the slope of the curve at the point of 
normal voltage. For this purpose we will draw a tangent to the curve 


180% 
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at the point B, which will cut the ordinate axis at a point E. It is clear 
that this point E will be higher the greater the saturation is. We 
will therefore call the factor S= о the “saturation factor " of the 
machine. In the case of Fig. 6 we find S = 0'600. 
We now can say that the voltage rise depends on the following four 
factors :— 
I. Armature leakage. 
2. Armature reaction. 
3. Increase of pole | Partly influenced by saturation 
leakage. factor. 
4. Saturation factor. 


| Proportional to load current. 


Normal voltage 


De 
Excitation for 
E =0-625 CosQ =-80 


Excitation 
20% 40% 60% 80% 100% 120% 140% 160% 180% 


FIG. 7. 


If a special machine is designed to mect a certain specification, then 
the designer can choose to a certain extent the value of factor No. 3, 
by so fixing the dimensions of the magnetic path that he obtains the 
most suitable initial pole leakage at no load to meet the conditions of 
specification. In most cases, however, the designer will, from a manu- 
facturing point of view, avoid special designs, and will want to put 
forward standard machines. In such cases he is more or less tied 
down to a certain initial pole leakage, and if he has to fulfil certain 
conditions of voltage regulation, he can only do this by choosing 
suitable values for the quantities given under Nos. 1, 2, and 4. 

This is the reason why I have restricted myself in the following to 
an investigation of the influence on voltage rise, of the rated load 


168 KLOSS : PRACTICAL CONSIDERATIONS IN THE [Nov. 8rd, 


current, and the saturation factor. The two variable quantities for our 
investigation will therefore be the ratio Ü Or D and the factor S. 
The calculations have been carried out for various power factors, 
namely, cos $ = I, 095, 0°90, 0°80, 0°70, and zero, and have in most 
=" =0 to ls 1. The first set 
I, I, 
of curves is derived from the open-circuit curve in Fig. 6, which, as 
already mentioned, is a typical case with conditions of armature and 
pole leakage representing a fair average for a salient pole type alterna- 
tor. The saturation factor of this curve at normal voltage is, as 
given above, S=o'600. The same calculations have then been 
repeated for three other characteristics, the respective values of the 
saturation factor being S = 0'270, $ = 0'472, and S = о:ббо. All four 
characteristics are plotted together in Fig. 7 on such a scale that 
they coincide in the normal no-load point, this figure illustrating the 
various shapes of curves corresponding to the various saturation 
factors. 

Reverting now to our standard curve with S =o'6oo as given іп 


cases been extended over a range of 


L 
factors has been calculated, and the results are plotted in Fig. 8, each 
curve referring to a constant power factor which is marked at the 
curve, the abscissæ representing the excitation expressed in per cents. 
of normal no-load excitation, whilst the ordinates give the possible 
stator current I, as fraction of the short-circuit current +. The chain- 
dotted curve is merely a copy of the upper part of the open-circuit 
curve in double scale, and shows direct the percentage rise in voltage 
at any load excitation. From these curves we can read off without 
difficulty the voltage regulation corresponding to any load at any 
power factor. 


Fig. 6, the excitation required for various loads -” at various power 


In 


i = 0625 at cos ¢=o'80 (which 
k 


For instance, for a load current 


I, 
excitation of 169 per cent., and a rise іп voltage of 17°0 per cent. ‘This 
gives the point C in Fig. 6. 

A similar set of curves is shown in Fig. 9, which is derived from 
the open-circuit curve No. іт in Fig. 7, with a saturation factor 
$ = 0'472. 

If for the sake of comparison we determine again the excitation for 


corresponds to a watt current = = 0:80 х 0:625 = 0:50), we find an 


Ін = 0625 and cos ф = 0°80, we find in this case 160 per cent., and 
k 


a voltage rise of 19°5 per cent. 
Fig. то shows the same curves for a very low saturation $ = 0:270. 
The excitation at j" = 0625 and cos ф = o'8o is in this case 151°5 per 
& 
cent., and the voltage rise 27:2 per cent. 
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In order to show the influence of a very high saturation, I give in 
Fig. 11 a set of curves derived from the open-circuit curve No. IV. 
in Fig. 7, which has an Sz0'66o. For similar load conditions 
Т" = 0625, and cos ¢=o'80, we find an excitation of 180 per cent., 

& 
and a rise of 15°8 per cent. , 
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Now, in order to show how the voltage rise varies with the load, 
I have derived from the Figs. 8, 9, 10, and 11, another set of curves, 
shown in Figs. 12, 13, I4, and 15, in which the abscissz represent the load 


i,’ and the ordinates represent the percentage rise in voltage. The 
4 
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four sets of curves refer again to the four different saturation factors. 
The various power factors are again written on the corresponding 
curves. It is interesting to note the shape of these curves. The curves 
for unity power factor show at low loads a parabolic character, but at 
higher loads become more straight, and then have a shape concave 


towards the axis of abscisse. The curve for cos$ = 005 is rather 
straight throughout. The curves for lower power factors are concave | 
to the abscissz axis almost from the origin. | 
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If one wants to compare the voltage regulation for a constant 
kilowatt output but for various power factors, one must of course allow 
for the fact that the current output in this case will increase inversely 
to the power factor. In order to facilitate the comparison I have 
plotted in each of the Figs., 12 to 15, two chain-dotted curves which 
interconnect points referring to a constant kilowatt output. One curve 
holds good for = = 0°30, the other for = = 050. 

А А 
If one compares the curves given in the four Figs., 12 to 15, it will 


be seen that for equal values of Ü the saturation factor S has a great 
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influence on the voltage regulation. As this is one of the points we 
want to get at, I have plotted two other sets of curves in Figs. 16 and 
17, in which the abscissz represent the saturation factor S. Fig. 16 


refers to a watt current = = 0:50, whilst Fig. 17 refers to is = 0°30. 
t t 


These curves show clearly that it is advisable to work at relatively 
high saturation, especially in the case of machines which are to be 
designed for a relatively low short-circuit current, that is to say, for 
I 
current the saturation factor has not so great an influence on the 
regulation. However, as the high increase of exciting current at high 
saturation is not desirable, one is obliged to work at lower saturations 


a high ratio of whereas in machines with a high short-circuit 
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than one would do if only the voltage regulation had to be looked out 
for. We must therefore make a compromise, and from my experience 
I find that for a modern machine the saturation factor should be 
between 0:50 and оо. 

The values of rise corresponding to these two values of saturation 
factor have then beem plotted against the power factor in Fig. 18, 


in which the two top curves refer to = = 0:50, and the two bottom ones 
) & 

I, 
to 1,5939. 

2 

І now revert to what I said before with regard to the 
necessary difference in rating а turbo-alternator or a slow-speed 
machine. We found that for geometrical and physical reasons one 


is bound to work а turbo at a higher value of 1 than is possible 
& 


with a multipolar. 
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I 
As fair average figures we can assume an L = 0'50 for a turbo, and 
k | 
w 


„= 0'30 for а slow-speed machine. The two pairs of curves given іп 


Fig. 18 can therefore be taken as representing relative conditions 
in the two classes of machines. 

In order to avoid misunderstanding I should like to say that all 
the curves which I have given in my paper should not be regarded 
as fixed solutions of mathematical equations, but only as a guide for 
the approximate order of the various values which one might expect 
under certain conditions of rating. If anything, the curves of voltage 


rise for turbos are somewhat on the high side, so that it is not 
impossible to obtain better figures, especially with machines which 
have a very small field leakage—for instance, with rotors of the 
cylindrical type. 

From what I have said before it is evident that the price will be 
affected by the specified figure for voltage regulation. A machine with 
small regulation is bound to be more expensive than one with a larger 
regulation figure. In order to make a comparison, I have not worked 
out a new design for every different condition, but have simply 
modified the rating of a standard size so as to fulfil various conditions 
of regulation, the price remaining constant for that machine. 

Let us assume that a standard three-phase machine gives 1,000 k.w. 
at cos ф 20:80, roo amperes normal current, I, = 80 amperes watt 
current (or current at unity power factor), the no-load excitation will 
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be 100 amperes 1 = 0'50, that is to say, the short-circuit current 
4 


will be I, = 160 amperes. 

The full-load excitation (in accordance with curves) will be 
169 amperes, the saturation coefficient of the open-circuit curve 
S = 0'60. 

The rise in voltage will then be 17 per cent. for cos ф--о 80, whilst 
the corresponding figure for unity power factor will be 6'2 per cent. 
For the sake of argument we will assume that the price for this 
machine will be £1 per kilowatt. 

Now we will take the case of a specification which calls for rather 
a low-voltage regulation figure, as it can be obtained without great 
difficulty on slow-speed alternators. We will take, for instance, 14 per 
cent. for cos ф = 0'8o, and 4'5 per cent. for unity power factor. As it 
would not be advisable to work the machine at a higher flux density 
in order to flatten the open-circuit curve, the only means left for 
obtaining the lower regulation figures would be to work it with a lower 
I. 
L 
current to normal current. Now, again, it is not possible simply to 
increase the excitation ampere-turns by increasing the gap, as the rotor 
field winding is already designed to the thermal limit. So, if no higher 
temperature rise is permissible, the desired result can only be obtained 
by a reduction in the rating of the machine. We will now find out 
how much that will be. 


On looking at the curves Fig. 14 we find that a ratio of T = 0'40 
4 


ratio of or, in other words, with a higher ratio of short-circuit 


will give the figures specified. The rated current would therefore 
have to be reduced in the ratio 035 2080 However, we can now 
make a correction, because for this lower output the exciting current 
will also be lower—namely, only 153 amperes, whilst our machine is 
designed to stand 169 amperes excitation. We can therefore increase 


the excitation ampere-turns in the ratio of rc I'I04 either by in- 
creasing the air-gap or by working the machine at a slightly higher 
density. This, howcver, enables us to put up our rated current to such 


a value that it still fulfils the relation T oo. As I, is proportional 
А 


to the no-load excitation it follows that we can increase I, proportionally 
to the permissible increase in excitation. We therefore find that the 
rating of our machine is to be о8о X r'104 20:884 of the standard 
rating. The price per kilowatt would therefore now be S88; == 1132 
per kilowatt. 

A small reduction is perhaps possible, because the stator copper 
can be reduced by. 11'6 per cent., corresponding to the reduction of 
normal current output. So we ¢an say the reduction in voltage rise 
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from 6:2 per cent. to 4°5 per cent. at unity power factor, and from 
17 per cent. to I4 per cent. at cos ф--о%8о is to be paid for by an 
increase in cost of 13 per cent. 

It must, however, be kept in mind that this figure only holds good 
in case the modified output of the machine happens to coincide with 
the output called for in the specification. In reality specifications are 
accustomed to call for outputs in round figures, and the manufacturers 
also design their standard machines to give an output in round figures. 
If, therefore, a voltage regulation is specified which falls outside the 
figures of a properly designed standard line it will, in most cases, be 
necessary to put in the next larger size of machine, so that the price 
per kilowatt will still be increased. 


3. POWER FACTOR. 


I will now deal with the rated power factor and its influence on the 
rating and the price of the machine. 

It seems to suggest itself to the buyer of an alternator that he will 
be on the safe side if he orders the machine for a lower power factor 
than is actually prevailing in his power station. As a matter of fact 
this is very often done in practice. We will now see what he is to 
gain by this method. 

We take again, for the sake of comparison, the same standard 
machine as before—namely, a 3-phase alternator for 1,000 k.w., 
cos ¢=0°'80, I, 22 100 amperes normal current, I,,==80 amperes, 
IZ so I, = 160 amperes, Г = 0625, $ = Обо. No-load excitation, 
100 amperes. Full-load excitation for cos ф 22080 is 169 amperes, the 
rotor winding being at its thermal limit with this excitation. Price, 
£1 per kilowatt. 

Now we will assume that, for the sake of getting a “ bigger machine,” 
the power factor be specified as 0°70, whilst the actual power factor 
in the station be o'8o. For 1,000 k.w. the current at cos ф = 0770 would 


80 . 
then be ar йа. 2, and L 160 79715. The curve for 


cos ф = 0'70 in Fig. 8 shows that for this load an exciting current 
of 192 amperes would be required, whilst the permissible current for 
the standard machine is only 169 amperes. . This would mean about 
35 per cent. more heat in the field with a correspondingly higher 
rise, which, of course, is not permissible. We have therefore to 
reduce the current output of our machine to such a value that at 
a power factor of 0°70 the full-load excitation is equal to the normal 
figure of 169 amperes. From the curve Fig. 8 we find this armature 
current to be = 0'566 І,--005 amperes, this gives a watt current 
I, = 0°70 X 90'5 = 63'4 amperes against 80 amperes of the standard 
machine. In other words, the output of the standard machine 


is reduced to EE X 100 = 79/2 per cent, or 792 k.w., and therefore 
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the unit price increased by 26:5 per cent. This, of course, refers to 
the output stated on the nameplate to specification. The fact, however, 
that the actual power factor is o'80 instead of 0°70 as specified, will 
enable the station engineer to take more output out of the machine 
than is stated on the nameplate. The latter gives him as normal stator 
current the figure 9o'5 amperes. With this current at his actual power 
factor of о"8о he can get a watt current of о'8о X 905 = 72:5 amperes 
against 63:4 amperes, at cos ф — 070. He will therefore be very happy 
that, by specifying a lower power factor, he gets an increase of output 
of 1472 per cent. “for nothing," or that the price per kilowatt which he 
actually gets out of his machine is only 87:5 per cent. of the “nominal” 
price per kilowatt * rated" output. However, if he were aware of the 
fact explained before, that the price per “rated” kilowatt of this 
machine is 26'5 per cent. higher than it would be if designed for the 
correct power factor, he would come to the conclusion that his unit 
price is actually 1:265 х 0:875 = £1°107 per kilowatt, whilst it would 
have been {1°00 per kilowatt if the machine had been built to suit the 
actual requirements. 

In other words, he does not get 14:2 per cent. more output “for 
nothing," but he pays 10% per cent. more money “for nothing." Ог 
probably still more, because it will in most cases happen that on 
account of the low power factor the next larger standard will be put 
forward. 

In order to make these facts still more evident, we can make the 
following comparison : The standard machine would be designed for 
IOo-ampere stator current and 169-ampere rotor current, both wind- 
ings being so dimensioned as to give the permissible temperature rise. 
The machine, which is actually put forward “to meet the requirements 
of the specification," will be designed for 9o'5-ampere stator current, 
and 169-ampere rotor current—that is to say, with less stator copper 
these two currents referring to cos $ 220770. The machine, however, 
will be run under actual load conditions with its rated stator current 
of 9o's amperes (but with increased kilowatt output corresponding to 
cos ¢==0°80). From the curve for cos ф ==0:8о in Fig. 8 we find that 
the necessary exciting current for = 923 = 0:566 will be 161 amperes, 
or 8 amperes less than the permissible current of 169 amperes. From 
this it is evident that although the engineer takes 1472 per cent. more 
output out of the machine above its rated capacity he does not get the 
full benefit out of the capacity of the rotor, and if he would try to do 
this he would exceed the thermal limit of the s/afor. 

It is therefore only to the interest of the customer to specify the 
actual conditions of power factor under which the machine is to work, 
and not to include a margin where it is only detrimental to himself 
to do so, 
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SUMMARY. 


The following are the conclusions to be drawn from my in- 
vestigations :— 

I. If large turbo units are to be installed the problem of ven/ilalion 
is not to be neglected, as one has to deal with large quantities of energy 
produced in a relatively small space. The best scheme seems to be to 
provide ducts for getting fresh air from outside the building to cool the 
machine and for taking the hot air away without allowing it to enter 
the engine-room. | 

2. When specifying the vollage rise of a turbo-alternator due allow- 
ance should be made for the fact that the figures obtainable are not so 
low as those which can easily be obtained with multipolar machines. 
As fair figures for turbo-alternators can be regarded— 


5 to 7 per cent. for unity power factor ; 
I2 to 15:5 per cent. for cos ¢=o'go; and 
15 to 18 per cent. for cos ф = 0790. 


3. When specifying the power factor at which a turbo-alternator has 
to work, it is of no use to put in a lower figure than is actually pre- 
vailing in the station, as nothing can be gained by this, and it would, if 
anything, decrease the possible output of the machine. 


APPENDIX. 


There is another point which I should like to mention in connection 
with the power factor, although it is of quite a general nature and 
refers equallv to slow-speed and high-speed machines. But as the 
curves given in this paper include the answer to this question, I take 
the opportunity of mentioning this point here. I mean the influence 
of the power factor on the voltage regulation. The relation between 
these two quantities should be kept in mind whenever a voltage regu- 
lation test is carried out for a certain load at a certain specified power 
factor. 

The exact measurement of the power factor is a very difficult matter 
and in practice almost impossible on account of the constant variations 
of load. It is, therefore, only natural that one always finds a certain 
discrepancy in the values of the power factor obtained by different 
methods or at short intervals. An error of 1 to 2 per cent. can easily 
be made in determining the power factor. The curves in Fig. 18 show 
how much the figure for the voltage regulation will be affected by such 
a possible error in the value of the power factor. 

Taking the top curve, we find for cos $ = 0'80 a rise of 18% per 
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cent., whilst for cos ф 20779 the rise will be 19'1 per cent., and at 
cos $ = 0'78 it will be 19:4 per cent. Now, as 2 per cent. deviation in 
power factor is quite within the limits of possible error, a due allow- 
ance should always be made for the guarantees of voltage rise, which, 
due to this error, might easily deviate from the actual figure by о? per 
cent. of normal voltage at a power factor of about o'8o. ‘This point is 
of still greater importance when the machine is tested at so-called 
unity power factor. It is very difficult to provide a load which is 
absolutely non-inductive. But if there is only 1 per cent. difference 
in the power factor (cos ф = 0:99), we would expect in accordance with 
the same curve in Fig. 18 a voltage rise of 8% per cent. against 69 per 
cent. at cos ф = I. This shows that the allowance for possible errors 
in measuring the various quantities should be still greater for the non- 
inductive load tests than for the tests at lower power factors. 


DISCUSSION. 


Мг. А. H. Law: As regards Dr. Kloss's remarks on ventilation, I have 
very little to add. I had the pleasure the other day of seeing the large 
6,000-k.w. set running at Stuart Street, and of inspecting the cooling 
arrangements. I should be glad if he could give us in his reply a rough 
sketch showing diagrammatically how this ventilation is carried out in 
the stator case and core and rotor. As far as I could understand from 
looking at the machine from outside, the cold air goes in outside and 
passes inwards through ducts, then along the rotor, and then out again 
and down through the feet of the stator case. Assuming this to be the 
ventilation system, the arrangement seems, if I may say so, to be open 
to a certain amount of criticism. Dr. Kloss tells us on page 165 that 
a machine is never limited by the stator, but always by the rotor. In 
this case, therefore, apparently the cold air is passing first through the 
stator iron, the temperature of which really is not very important ; next 
through the stator copper, which ought to be kept as cool as possible ; 
and finally through the rotor. This is the part above all others which, 
according to Dr. Kloss, limits the output of the plant, and therefore 
should be cooled as much as possible. Further, referring to Figs. 4 and 5, 
Dr. Kloss infers that this V-shape space in Fig. 5 is entirely wasted. 
Now I would submit that in a system of ventilation in which the air is 
passed in from the ends of the rotor, and allowed to pass radially out- 
wards through the stator, this V-shape space is of very great value 
indeed, since it can be used as an air passage, whether the draught is 
produced artificially by external fans or by the revolution of the rotor 
itself. A ventilation system is installed at the Carville station at New- 
Castle, in which this V-shaped space is utilised in that way. The 
alternators were first made self-ventilating, and norinally for an output 
of 3,500 to 4,000 k.w., at which outputs they ran quite cool. Motor- 
driven fans were afterwards installed, to blow the air in at each end of 
the rotor, allowing it to pass along the rotor and radially outwards, 
This resulted in a very greatly increased output. 

VOL. 42. 
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I have just one other remark about ventilation. I think this forced 
ventilation is being carried too far in small machines. I think that to 
fit a separately driven forced ventilation outfit to a machine of 500 k.w., 
running at 3,000 revs, per minute, is altogether absurd. 

As regards the voltage regulation limit, this has long been recognised 
by all designers. The question was gone into by Messrs. Parsons 
about four years ago, and I was asked to look into the matter of using 
the Heyland commutating method of compounding alternators. This 
was Carefully gone into, but was found to have certain disadvantages, 
and it was thought that engineers would not like the introduction of 
a commutator into thcir alternating-current plant. So a method of 
compounding was introduced, enabling alternators to be designed for 
fairly poor voltage regulation, and for the resulting low short-circuit 
current, which, at the same time, rendered possible a uniformity of 
terminal voltage under varying conditions of load. Without some such 
device such uniformity is quite unobtainable, even with alternators 
designed for very close voltage regulation with its attendant dis- 
advantages. 

This method may briefly be described as an exciter compounding 
arrangement. The leakage of the exciter is artificially increased by 
means of iron leakage paths. ‘These carry coils which are in series 
with the main current, or in some cases are excited by current obtained 
by current transformers. When the load comes on the alternator this 
leakage flux through the leakage paths is stopped and diverted through 
the exciter armature, thereby raising the voltage of the exciter and 
conipensating for the load coming on to the alternator. The arrange- 
ment is working now in a number of cases, and particularly in colliery 
and similar installations it is found to be almost indispensable, especially 
where heavy haulages are used and other large variations of load occur. 
One advantage is that it enables the alternator to have a very much 
lower short-circuit current ; this is pointed out in Dr. Klosss paper 


very clearly. In large turbo-generators, where the pole-pitch is | 


perhaps a quarter or a half of the complete circumference, it is 
always a matter of difficulty and requires great care accurately to 
support the end windings. If an alternator is designed for a low short- 
circuit current the stresses in these end windings will clearly be very 
much reduced, and this can best be done by designing the alternator 
for a comparatively heavy drop and compounding to bring back the 
voltage to the normal amount. There are, of course, in this arrange- 
ment of compounding no moving parts whatever, the action being 
purely electro magnetic ; and, further, it involves no extra parts ог 
complications in the alternator, the arrangement being entirely on the 
exciter., 

There is one point I should like to mention in regard to Fig. 7. 
The author points out, and no doubt quite truly, that the voltage rise 
with the curve No. 4, which shows a considerable amount of saturation, 
is very much less than with Nos. 1,2,and 3. I should like to know 
what in his opinion would be the voltage drop on throwing on the load ; 
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that is the thing that we designers always fight rather shy of giving, 
because we know very well that it is apt to frighten people when they 
see it on paper. With the compounding arrangement I have described, 
however, the regulation can safely be guaranteed when throwing load 
either off or on. I should like Dr. Kloss's opinion as to which of these 
curves, Nos. I, 2, 3, or 4, would show up best in throwing on the 
load. 

With regard to the last item in Dr. Kloss's paper—namely, power 
factor—I must say I am entirely in agreement with the author. I have 
known a 0°55 power factor to be specified, and the designer spends all 
his energies in designing for this, and finds the machine working at 
о'85. I think the reason is that in some cases engineers have had very 
bitter experience in the past. They have had machines delivered to 
them which have been tested with a power factor of unity, and have 
given excellent results. They are then erected and put to work 
on a load having a power factor of, say, o'8, and it is found 
they do not give the specified results. I think, therefore, we must 
make allowances for engineers having their fingers burnt in this way, 
and so specifying rather more than they want. The remedy for this is 
evidently to test as far as possible on an inductive load before the plant 
leaves the works; in this way not only is the purchaser certain he is 
getting what he is paying for, but the designer has the opportunity of 
getting far more accurate figures on which to base future designs than 
are obtainable as a rule after the plant has been put down. 

Messrs. C. A. Parsons & Co. have long recognised the importance 
of this, and can now test 3,000-k.w. plants up to full load, and can put a 
2,000- k.w., 6,000-volt plant on an inductive load having a power factor 
of o'8. 

.If an engineer wants a margin, I quite agree with Dr. Kloss that it 
is much better that he should not specify it in the form of excessive 
power factor, or low voltage drop, but rather, I think, in the form of 
low temperature rise ; then a designer knows what he has got to aim 
for, and guarantees can be safely given, and the purchaser can see he is 
getting what he is paying extra for. 

Dr. E. RosENBERG : In general I am fully in agreement with most 
of the statements made by the author. In the theoretical part of the 
paper, I think the introduction of the category “ saturation factor" isa 
very valuable addition to our vocabulary, giving, as it does, the pos- 
sibility of describing the shape of a curve by a single figure. It must 
be remembered, however, that there is a difference in the regulating 
characteristics of a machine according to the part of the magnetic flux 
where the high saturation is obtained. If it is the yoke of a field 
magnet of a salient-pole machine, then high saturation is accompanied 
by high leakage ; on the other hand, if it is in close proximity with the 
armature—for instance, in the teeth of a cylindrical rotor with dis- 
tributed winding—then high saturation does not increase the leakage in 
a considerable degree. Therefore, for the same saturation factor better 
regulation will be obtained in a machine with cylindrical rotor than 
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with salient-type rotor. Dr. Kloss’s statement, “the inherent regulation 
of a turbo-alternator being naturally lower than the regulation of multi- 
polar machines,” is quite right, as long as the same type of field is con- 
sidered ; but the particular demands of the turbo-alternator justify a 
departure from the type of slow-speed rotor; and it is possible to 
obtain, without undue cost, in a machine with only two or four poles, an 
even better regulation than in the multipolar machine. Mr. Law has 
just mentioned the compensation scheme recently adopted by Messrs. 
Parsons, and I may be allowed to menticn an older and very success- 
ful scheme of a compensated type machine worked out by Mr. Miles 
Walker, where, due to the particular shape of the field, the armature 
reaction even strengthened the field, and gives the possibility to obtain 
level compound or even over compound characteristics at unity power 
factor. 

In a cylindrical rotor built up of laminated steel, there is also the 
possibility to provide excellent ventilation in the same way as in a 
direct-current armature, and to such machines the statement does not 
apply that the output is limited by the rotor and not by the stator. It is 
by no means necessary in such machines to reduce armature ampere 
wires per inch periphery compared with the multipolar machine of the 
same diameter. 

The statement that the output of a machine for a given number of 
revolutions is about proportional to the cube of the linear dimensions is 
quite correct for large machines. For smaller machines, however, with 
less than 20 in. rotor diameter, as used for turbo-generators running at 
3,000 revolutions, it is more than proportional to the third power—in 
fact, nearly proportional to D?L instead of D?L. 

Мг. С. D. SEATON: I am very glad that two scientific gentlemen 
have preceded me. I have had very considerable acquaintance with 
turbo-alternators, not from the theoretical point of view, but from the 
seamy side of the question. Ever since the turbine business got 
thoroughly on its feet, the turbine builders decided that they would 
be the main contractors in future. X good vacuum is so essential to 
the good working of a turbine, that the engineers intended to keep 
the game in their own hands, consequently we have to take on 
our shoulders the electrical troubles, and it is quite the custom in the 
engineering trade that when trouble arises the commercial man is first 
of all sent to deal with it. He is supposed to be a little bit more 
subtle and a little bit thicker skinned than the technical expert. But 
it has one very substantial advantage—it does save the expert from 
betraying his ignorance in front of the customer, and so considerably 
aggravating the case. For my own part, 1 am quite willing to admit 
that progress is being made, and I am equally well satisfied that still 
further progress has to be made before our paths are smooth, and I 
think we ought to be very grateful to Dr. Kloss for the data placed at 
our disposal. 

At the beginning of the paper there is just one thing that troubles 
me. Dr. Kloss says that the demand for large, high-speed units is 
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constantly increasing. It is increasing much more slowly than we care 
to see, and this is said to be largely due to the metal filament lamp. 

Mr. J. S. Peck: There is no doubt that there are many points іп 
favour of the external forced ventilation of turbo-alternators, but it has 
always been my personal fecling that where a machine could be made 
self-ventilating, it represented a distinct gain. Of course, if it is 
attempted to make a machine self-ventilating and the temperature-rise 
come out too high, radical changes in the design of the machine may 
be required, whereas with external ventilation it may be possible to 
speed up the blower or put in a larger cooling set. Such a course, 
however, is to be avoided if possible, because under such conditions 
the power required for cooling goes up as the cube of the amount of 
air delivered, whereas the cooling itself goes up much more slowly 
than the amount of air supplied. At the Chelsea Generating Station in 
London there are eight 5,500-k.w. alternators, all of which are self- 
cooling, and are within the guaranteed temperature limit. The air is 
drawn in from the basement, and is discharged partly into the base- 
ment and partly into the engine-room; and although there are no 
special means adopted for ventilating the station, it is not unduly hot 
even in summer—in fact, the temperature is usually quite comfortable. 

I think that wherever forced external ventilation is used, a valve 
should be put in the exhaust pipe, so that the hot air may be turned 
into the engine-room in cold weather, if desired. 

With regard to the advantages enumerated on page 161, practically 
everything claimed for external cooling applics to an enclosed self- 
ventilating machine which draws its air from the outside and dis- 
charges it to the outside of the building. In general, although it may 
be necessary now to instal external ventilating means for large 
machines in order to “play safe,” I feel that self-ventilation will 
gradually become standard practice, at least on machines up to the 
largest capacity now in use in this country. 

With regard to the formula on page 160, a simple approximate rule 
is that 30 cub. ft. of air per second with 1° С. rise is required рег 
I k.w. 1055, so that with a rise of 10°, 3 cub. ft. per second is required, 
etc. I think the figure of 25° rise in the exhaust air is rather high, and 
should expect that 15° would be nearer the average value. 

Dr. Kloss compares the amount of air required for cooling the 
machine itself with the amount required for ventilating the building. 
It should be remembered, however, that the air for cooling the 
machines must be moved against a much higher pressure than that 
required for ventilating the buildings, consequently the power required 
is not in proportion to the volume of air moved. 

With regard to voltage regulation, it is really a question whether 
extremely close regulation, particularly on large machines, is worth 
while. The fluctuations in load on large machines is not usually very 
great or very rapid, consequently inherent regulation is not of so great 
importance. The one occasion in which a very sudden change in load 
occurs is when there is a short circuit on the svstem, and in this event, 
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the poorer the regulation, the less the damage that will result. Since 
automatic voltage regulators have been so greatly improved, it is 
becoming more and more the practice to instal machines having 
rather poor regulation and providing them with some form of auto- 
matic regulation. In this respect, Mr. Walker's system of compound- 
ing an alternator is of great value, since it holds a constant voltage for 
ordinary load fluctuations, but in the event of a short circuit where the 
power factor is very low, it gives poor regulation, and consequently 
a minimum amount of damage is done. 

Мг. 5. J. Watson : On page 158 a comparison is given between the 
slow-speed machine and the turbo-generator. ‘The slow-speed machine 
has a volume of 1,100 cub. ft. and a surface of 1,200 sq. ft., that is practi- 
cally an equal ratio, whereas the turbo machine has a volume of 790 
cub. ft. and a surface of only 485 sq. ft., indicating that some system of 
cooling must be necessary in addition to the ordinary surface provided 
in the design. The question of heat losses on large machines is borne 
home to us when we notice the remarks which Dr. Kloss makes in regard 
to a works where six 6,000-k.w. sets may be installed. The heat losses 
amount to no less than 1,500 k.w. To dissipate that amount of heat 
must be a very large problem, and to me it seems quite wrong to give 
off the heat into the engine-room itself, and therefore some system of 
taking and also discharging the air outside the building must become 
a standard practice. It is a very interesting suggestion that the author 
makes, that one should use that air which is heated in passing through 
the generator for some useful purpose, and I think something could be 
done with it by using it under the boilers. It would considerably help 
the duty of the boiler if we could use air at a fairly high temperature 
instead of cold air from the surrounding atmosphere. I do not quite 
know what temperatures of outlet air the author may have in mind, but 
if it is heated 30° or 40? Fahr. it would be exceedingly useful. I should 
imagine the temperature referred to would be something in the nature 
of 100° Fahr. (Mr. Pearce, 135° Fahr.) Then it should be very valu- 
able for the purpose mentioned. І should like the author to give in his 
reply some figures showing what are the different losses in a 6,000-k.w. 
machine, the heat losses in the copper and the iron, the friction losses, 
and the windage, each separate. It would be particularly interesting 
to know what the windage loss is, especially in a machine which is not 
ventilated from outside. In some cases it must be quite an appreciable 
amount, and personally I should be very much obliged to him if he 
could let us have this. 

Now with regard to the question of the power factor. I think 
Dr. Kloss has been a little unfair to the purchasing engineer. He talks 
about people buying a machine and specifying it to be able to give a 
certain output with a о? power factor, whereas the actual conditions of 
use are probably considerably better ; and he also mentions that if 
such a machine is used on an 0'85 power factor, the capital cost is so 
much more per kilowatt. That, of course, is quite true, but it also 
applies the other way. If one buys a machine to give a certain output 
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at unity power factor, and uses it on aload having a power factor of 
о8 or 07%, the capital cost per kilowatt of output is also more. 

In considering Dr. Klosss remarks on this point, the fact must not 
be lost sight of that it is not always possible to estimate correctly what 
the power factor will be under actual working conditions. On some 
systems the power factor changes considerably during the twenty-four 
hours, owing to the varying nature of consuming devices, and there- 
fore the kilowatt rating of a given machine also varies. "This is to some 
extent met by the purchaser stipulating that a given kilowatt output at 
full normal load shall be obtained, say, on an 0:85. power factor, and the 
overload capacity of 20 or 25 per cent. permits the full normal kilowatt 
output to be obtained with the varying power factor without seriously 
increasing the cost of the machine. It is something of a compromise, no 
doubt, but appears to be the only way of meeting the difficulty until a satis- 
factory and simple means.of regulating the power factor can be devised. 

In regard to the other point he mentions, that if the machine is 
used ata power factor other than that for which it is designed the 
stator winding is overworked and the rotor winding is underworked. 
I think exactly the same condition holds good on any type of generator 
where regulation is required, apart altogether from the question of 
power factor. An ordinary direct-current machine acquired for a 
double purpose, such as running on either lighting at 440-480 volts or 
traction at 500-550 volts, must have a very long range of regulation, 
and if used on the higher voltage the field coils are being properly 
worked but the armature is being underworked, and consequently the 
best results, from a designer's point of view, аге not obtained. 

I think the summary at the end is particularly interesting, and 
weighs the whole of the paper up in a very satisfactory way, and to 
most of us will be of very considerable value. 

Mr. JULIUS FRITH : I think one or two of the speakers have made 
rather a false distinction between artificially and self-ventilated turbo 
machines; the thing has got to be done with a fan, and in the latter 
case it is just mounted on the rotor shaft instead of being driven by a 
separate motor. 

I personally believe that a good deal could be done by putting 
compressed air into a turbo-generator case. A compressor is no more 
complicated than a motor-driven fan, and there are already oil pumps 
and water pumps ; the air is cooled and the heat carried off in a much 
more usable form as hot water, the air in expanding into the generator 
case cools itself considerably, and the machine could be kept at a much 
lower average temperature, and therefore at a higher efficiency. It 
then becomes rather an interesting point, which our good friends the 
consulting engineers will have to settle, what they mean by “ tempera- 
ture rise above the surrounding atmosphere." It would be interesting 
to know what they would then call the “surrounding atmosphere." If 
my suggestion were followed, and compressed air was put into a stator 
case, it would be quite within the range of possibility to get a negative 
rise above the temperature of the engine-room. 
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I quite appreciate Mr. Watson's point that the purchasing engineer 
wants a margin, as, if he is not now working with a о? power factor, 
he may possibly some day want to, and does not wish to be held up on 
this score. Of course he knows he is paying more for it, but there is 
also the point that in specifying anything which is a little out of the 
ordinary run the firms tendering will always cover themselves rather 
too much on that point, and therefore the purchaser really does pay (ао 
much for it. It scems to me that to specify a larger machine than 
they really want is the best thing to do, which machine will go through 
its tests and do a certain output with perfectly standard results ; they 
can then use that machine for rather less if they like. This leaves the 
turbine rather out of the question, but it is generally supposed to do 
two or three times its rated load. 

Mr. J. R. SALTER: Mr. Watson and myself are, I think, the only 
purchasing engineers who so far have entered into this discussion, 
and this paper seems to be specially written to advise purchasing 
engineers how to sclect a turbine and how to write out their specifica- 
tions. I do not want to be hypercritical, but reading it from that point 
of view, I should have altered the title and called it * Practical Con- 
siderations for the Rejection of Turbo-Alternators." I will tell you 
why. Dr. Kloss says, “ You people who have been used to slow-speed 
reciprocating alternators have had with those machines good ventilation 
and low temperature rises, good regulation, and any desired power 
factor. .For goodness’ sake, do not come and ask me to give you 
those conditions, because I cannot do it." The question of the 
selection of a turbine as compared with a reciprocating set is a 
commercial proposition. The turbine generally is lower in price, but 
if one takes into consideration the extra losses due to the necessity for 
obtaining either a high vacuum or for superheating the steam, and 
capitalises those losses, it will be found there is very little choice 
between a turbine and a reciprocating set, except in regard to the space 
required for accommodating it. Where space is an unimportant con- 
sideration, even the losses due to obtaining the vacuum and the super- 
heating are almost enough in themselves to reduce the advantage of 
the low cost of the turbine. With regard to getting rid of the heat in 
the turbine, Dr. Kloss tells us that it is necessary to put in a fan and 
other special apparatus. Now, taking the cost of this additional plant 
and capitalising the losses therein, one gets a sct of conditions that 
make a turbine quite incomparable with a reciprocating set. The same 
conditions apply with regard to the power factor, only it is a different 
way of putting it. Dr. Kloss says, “По not ask me for a о7 power 
factor, ask me for unity power factor, because otherwise you are limit- 
ing the output or rating of my machine, and it will then not bear com- 
parison with an ordinary alternator.” If I ask for a о7 power factor in 
a reciprocating set I can get it ; it means not so much getting a larger 
machine, but a machine that will stand the extra temperature rise ; 
but if I ask for this in Dr. Kloss’s machine I cannot have it, unless he 
puts in this elaborate method of cooling. Dr. Kloss is quite right 
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when һе states that he сап take any machine and rate it at any 
capacity. He says, “In order to make a comparison I have not worked 
out a new design for every different condition, but have simply modi- 
fied the rating of a standard size so as to fulfil various conditions of 
regulation, the price remaining constant for that machine.” In other 
words, he says if you order а soo-k.w. machine, with a low temperature 
rise, good ventilation, and a low power factor, I shall have to supply 
you with a 1,000-k.w. machine and call it a 500-k.w. machine ; but then, 
remember, it will cost you double the price per kilowatt. 

It appears to me, therefore, that the paper shows unmistakably that 
there is a commercial limit to the size of turbo-alternators for the 
reason stated by Dr. Kloss, that, “other conditions being equal, the 
output of electrical apparatus increases approximately in proportion to 
its volume, ог as the cube of its linear dimensions, whilst the radiating 
surface only increases with the square of its linear dimensions." The 
other conditions which should be cqual are the conditions of low 
temperature rise, good voltage regulation, and these together at a low 
power factor, all of which have been obtained in the past with slow- 
speed reciprocating alternators, but which, when a turbo-alternator is 
employed, are only practicable by the employment of costly apparatus 
for carrying away the waste heat, unless the output or rating of the 
turbo-alternator is lower and the price per kilowatt consequently 
increased. One must, therefore, seriously consider in comparing the 
cost of a turbine with a reciprocating set, the capitalised losses involved 
not only in obtaining the necessary high vacuum and in superheating 
of the steam, but also the losses due to the necessity for reducing the 
temperature rise to that usually obtained in a reciprocating set, owing 
to the limiting conditions to which attention has been called. 

Mr. MiLEs WALKER (Chairman) : Mr. Salter should remember that 
the efficiency of a turbo-generator set is as high or higher than the 
ordinary reciprocating set, so that the amount of heat produced is 
not greater, it is only that it is produced in a smaller machine. So far 
as regulation is concerned, one can obtain as good regulation on a 
turbo set as you can on an engine set. The remarks made by Dr. 
Kloss are perfectly true in this respect, that comparing machines of 
similar construction, one is under a certain difficulty in finding room 
for the copper in a turbo machine with salient poles. But if we adopt 
the cylindrical type of field the difficulty is very greatly overcome. 
The cylindrical construction with a winding in slots gives us besides 
a field magnet well able to resist the great mechanical stresses to which 
the parts are subjected. In one sense every alternator with an internal 
field magnet has its output limited by the output of the internal element, 
but by adopting the right construction in a turbo-field one can get as 
high a specific rating per inch of diameter as is usually obtained on 
engine-type alternators, and the regulation will be quite as good— 
in fact, better than that generally specified for the engine-type 
machine. 

I quite agree with Dr. Kloss in his statement with regard to ventila- 
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tion. I think the future will show that machines will be ventilated 
by forced draught in cases where the sets are large. The draw- 
back of having fans is overcome to a great extent if the air supply 
can be arranged so that when one fan goes out of action another can 
be used. 

Mr. R. LIVINGSTONE (communicated): Dr. Kloss has very ably 
brought to our notice the inherent peculiarities of turbo-alternators, 
and it is to be hoped that the result of his exposition will be to lessen 
the stringency of many of the specifications for those machines. Ven- 
tilation of the rotor is certainly an important point. In connection 
with this Dr. Kloss mentions the use of fans at the end of the rotor. 
This is a good arrangement for cylindrical rotors, but is not effective 
in the salient-pole type. The arrangement shown in Fig. 3 is a good 
one in every way. The amount of air passing through the alternator 
can be regulated very closely, and high-efficiency fans can be used. 

The most important difference, however, between high- and low- 
speed alternators is in the mechanical stresses to which the macbines 
are subjected. Too little attention is often paid to this most important 
point, with the result that machines have been made which were quite 
satisfactory from an electrical point of view, but which, when run 
slightly over speed, flew to pieces. Such accidents have been only 
too frequent during the past few years, and should show that too much 
importance is attached to fulfilling the electrical specification and too 
little attention given to mechanical design. It is surely of first import- 
ance in any class of machinery that the risk to life should be kept as 
small as possible. Such things as regulation and cost should be made 
secondary matters compared with safety. Unfortunately the factor of 
safety of a machine cannot often be tested, so that it is necessary 
to rely on the calculated figures for this. On this account it is neces- 
sary that the stresses be calculated accurately and their range and 
maximum value carefully investigated. In many cases it is necessary 
to alter the electrical proportions of a machine to obtain a sufficiently 
low stress at some point, and this will undoubtedly affect the regula- : 
tion or size in some way. Consequently it is not correct to assume 
constant electrical proportions in obtaining the curves in Figs. 8 to 15 
as Dr. Kloss has done, and a considerable amount of experience and 
good judgment will be necessary in using those curves. As a guide to 
consulting engineers they are undoubtedly of value, and it is to be 
hoped that more lenient specifications will be the result of the reading 
of this paper. 

Dr. KLoss (in reply) : With reference to Mr. Law's remarks on the 
ventilating arrangement of the 6,000-k.w. Siemens turbo-alternator at 
Stuart Street, Manchester, I should like to say that his assumption is not 
correct that the air after cooling the stator core and stator coils had to 
go through the rotor, and thus would be already warm when it had 


‘to cool the rotor. The ventilation of this machine is so arranged that 


the cool air enters the machine from the bottom, where the air is 
divided into two streams—one going through the stator core from 
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both ends to the middle, where it leaves the core, to the outlet of the 
machine, whilst the other stream of air enters the rotor and leaves it 
without interfering with the stator stream, which it only joins near 
to the outlet of the machine. Provision has been made so that each 
of the two streams can be regulated separately, and therefore the best 
condition of cooling will be obtained with the smallest amount of air. 
A special feature of this machine, as well as of all Siemens turbo-alter- 
nators, is the axial cooling of the stator through holes punched in the 
core plates, by which means it is possible to take the heat produced 
in the core to the cooling medium in the direction of the laminze, 
where, of course, the heat conductivity is much greater than in the 
direction across the laminae where it has to travel through the paper 
insulation. 

Referring to Fig. 5 of my paper, I quite agree with Mr. Law that 
the V shape between the poles is not simply wasted, and I have in my 
figures allowed for the fact that this space can be made use of for moie 
effective cooling, and this has the result that—as stated in my paper— 
the number of ampere-turns per centimetre circumference need not be 
reduced to such a large extent as would otherwise be the case, simply 
on account of the reduced winding space. I further agree with Mr. 
Law that for small machines, of course, a forced ventilation scheme 
with an outside fan would not be advisable, as it would not be worth 
while to put in such a scheme for a small plant. 

As regards the voltage drop, I did not deal with it in this paper 
because it would have led too far and because in most cases only the 
rise is specified. The voltage drop, of course, will also be influenced 
by the saturation factor and the ratio of load current to short-circuit 
current. However, an investigation of these two influences will show 
that the saturation factor has really only a very small influence on the 
voltage drop, and the governing factor is the ratio i" This is one 
reason why I am of the opinion that one should not go too far in 
reducing the short-circuit current of turbo-alternators, even in view of 
the fact that the various methods of compounding alternators or of 
automatically regulating them will give us the possibility of working 
machines safely with reduced short-circuit current. From my experi- 
ence I would regard a ratio of short-circuit current of 1°6 times normal 
current as a fair figure for turbos. 

I agree with Dr. Rosenberg that a cylindrical rotor has less leakage 
than a salient-pole type rotor, and that from this reason the voltage 
regulation of such a machine will be better than given by the curves 
shown in my paper. I have mentioned this in my paper on page 172. 

Mr. Peck said that practically all the advantages claimed for 
external cooling applies to an enclosed self-ventilating machine, which 
draws its air from the outside and discharges it to the outside of the 
building. I quite agree with this statement, and should like to refer to 
my words, in which I stated that the object of the paper was not so 
much to advocate one particular scheme of ventilation as the best. 
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The chief aim of the paper was merely to point out the great import- 
ance of not neglecting the ventilation problem, especially in the case 
of large units, and certainly in small machines the self-ventilation 
should be preferred. However, in connection with this point I should 
like to draw your attention to an advantage of the separate external 
fan over the internal fan, which has not been mentioned to-night. Ifa 
fan is fixed to the rotor then the diameter and the speed are given, and 
therefore there is no great possibility of variation in the design ; and it 
is only natural that such a fan cannot be expected to be very econo- 
mical. However, in the case of the separate external fan we are quite 
at liberty to choose the diameter and the speed, so as to obtain the 
most economical design with the highest possible efficiency. It is 
quite possible that an external outside fan will provide the necessary 
amount of cooling air with about half the power which would be 
absorbed by internal fans. Matters will be still worse if one wants to 
rely on the natural draught of the rotor produced by the shape of its 
poles alone. "This, of course, can never be an economical fan. 

I was very glad to hear Mr. Watson's remarks, as they showed that 
the problem of ventilation received due consideration on the part of 
station engineers. In answer to his question about the separate losses 
of the 6,000-k.w. alternator mentioned in my paper, these are as 
follows :— 


Iron loss vet з ae 5% 135 k.w. 
Copper losses іп stator and rotor ... wee 50 4s 
Bearing friction and windage Site d 05.5 


'The fan requires about 16 k.w. for supplying the necessary cooling air 
to the machine. 

With reference to Mr. Salter's remarks, I quite appreciate them as a 
good contribution to the discussion, because I think it is always a good 
thing to keep people in good humour. However, I think instead of 
calling his words * remarks on my paper," it would be better to call 
them “remarks on his interpretation of my paper," because he picks 
out a few sentences and exaggerates them, or even states something as 
having been said by me which nobody will find in the paper, and then 
he fights against the meaning constructed by himself. 

For instance, he talks about “ту” machine being only designed for 
unity power factor, or he says that thousands of kilowatts were going 
through walls * because the machine gets so hot," and so оп. Well, 
I am aíraid that shows that he did not quite understand what I meant. 
But I feel sure that nobody else in this meeting misunderstood my 
words in the same way. Further, he cites another sentence of page 172 
of my paper, where I said, for the sake of comparison, I had modified 
the rating of a standard machine so as to fulfil various conditions. He 
interprets this as if I would design and sell a machine for 500 k.w. if 
the customer orders a 1,000-k.w. machine. І ат afraid that here again 
he entirely misunderstood my words. I think to everybody who will 
read the paper carefully it is evident that this comparison was only 
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made for the sake of simplicity and convenience in connection with 
the preparation of this paper, and that in practice, of course, a machine 
would be worked out for each case to comply with the specification, 
and to give the output which is actually called for. 

I now want to make some remarks as regards the heat limit 
of the rotor. Some of the speakers disagreed with my statement 
that the output of turbo-alternators was not so much limited by the 
stator but by the rotor. Of course I did not mean to say that it was 
impossible to provide a good ventilation for the rotor. But I think 
when, with certain dimensions, the stator of a turbo would come up 
against the heat limit whilst the rotor is still below this limit, it will 
certainly be possible to increase the outside diameter of the stator to 
allow for a bigger flux to pass through, and by such means increase 
the output until the increased excitation loss brings us up to the heat 
limit of the rotor. When, however, this is reached no further increase 
is possible, because all the available space in the rotor has already been 
taken up. I must therefore still maintain that the output of a turbo is 
at the end limited by the rotor and not by the stator. If Dr. Rosenberg 
compares turbo machines with multipolar machines of the “same 
diameter," then I quite agree with him that it is by no means neces- 
sary to reduce the armature ampere wires per inch periphery. My 
comparison, however, referred to large multipolar machines with very 
much greater diameter than the turbo would have, as illustrated by 
Figs. 1 and 2 in my paper. 

In reply to Mr. Livingstone's communication, I entirely agrec with 
him that the mechanical stresses in turbos are of the greatest import- 
ance, and should never be neglected on account of electrical properties 
like regulation and so on. But I cannot quite see how this should in 
any way affect the curves given in Figs. 8 to 15. These curves are 
simply the result of some calculations with certain values of the satura- 
tion factor, power factor, and ratio of normal current to short-circuit 
current. But it is, of course, clear that the dimensions of the machine 
must be chosen so as to give a certain factor of safety from the 
mechanical point of view. 
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THE TESTING OF ALTERNATORS. 


By STANLEY P. SMITH, B.Sc. 


(Received from BIRMINGHAM LOCAL SECTION, September 12, and read at 
Birmingham, November 11, 1908.) 


I. INTRODUCTION. 


The Hopkinson method of testing electrical machinery, by the 
circulation of power between a pair of units in such a way that only 
the wasted power has to be supplied to the system from an external 
source, has had a number of useful applications. Not only continuous- 
current machines, but also alternating-current generators, motors, and 
transformers are tested in this way. In the case of large alternators, 
however, there not only exists the inconvenience and expense of 
bringing them into mechanical connection, but it seldom happens that 
two similar large alternators are available for testing at the same 
time ; and although there are cases on record of large machines being 
tested in this way,* it cannot be regarded as a method suitable for 
every-day use in a practical test house, where economy and urgency 
are the governing features. 

This has rendered it necessary to divide a single large alternator 
electrically into two units, namely, into a generator unit and a motor 
unit, and to circulate power between these units. For this purpose 
various methods have been proposed, of which, however, only a few 
have been successful in practice. 

In 1905 the author published an article on “The Testing of Alterna- 
tors," + in which the various schemes of connections proposed by him 
will be found. Ап editorial note summarising the article appeared іп 
the same number of the Electrician, and another interesting criticism 
of the same article was published later in the Electrical World and 
Engineer, vol. 46, р. 335, 1905. у 

Since that time the author has had an opportunity of extending the 
methods he then proposed by numerous tests on large alternators, as a 
consequence of which a satisfactory and practical method has been 
developed and the whole made capable of accurate calculation. 

The object of the present paper, therefore, is to explain a method 
whereby alternators can be accurately tested f on a commercial scale 


* See Electrician, vol. 56, pp. 872 and 930; also H. F. Parshall, Minutes of Pro- 
ceedings of Institution of Civil Engineers, vol. 130, p. 247. 

1 Electrician, vol. 55, p. 508, 1905. 

$ For any test to have comsiercial value, it is obvious that the losses given by that 
test must be the same as under actual conditions; that is to say, they must produce 
the same heating effect апа have the same magnitude as the actual losses. When 
these conditions are fulfilled, it is clear that the values of both the temperature rise and 
the efficiency given by the test will be correct. 
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by merely supplying the losses and at the same time, for the sake of 
comparison, results obtained from other methods—notably the Behrend 
method—will be given. 


II. BEHREND’s METHOD. 


As far as the author is aware, the only method which has been used 
to any extent in testing modern alternators under full-load conditions - 


Fic. I.—Behrend's Method. Scheme of Connections. 


16-pole machine. 


by supplying the losses to the short-circuited machine is that due 
to Behrend.* This method is especially popular in Amcrica, and—as 
will be seen in Fig. 1 taken from Bchrend’s paper—consists merely іп 
splitting up the field into two halves. (In the case of a revolving field, 
the mid point of the field winding is connected to the shaft, which then 
serves as a common terminal to both halves of the field.) The full-load 
exciting current is then passed through each БгапсҺ, and by gradually 
reducing the current in the one branch (the current in the other branch 
remaining constant), the current in the short-circuited armature coils 
can be raised to any desired value—for instance, to full load. It was 
* Electrician, vol. $2, p. 248, abstract of Behrend's original article. 


T Under these conditions, no current whatever can flow in the armature, provided 
the system is symmetrical. 
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in attempting to carry out this test on a small 30-k.w. single-phase 
alternator that the author was led to see its weaknesses and make the 
following modification which rendered the test possible in the case of 
the machine in question. To explain this, Fig. 2 has been drawn 
to illustrate diagrammatically the magnetic unbalancing of the 
16-pole machine shown in Fig. 1, which occurs when the same is 


CENERATOR 
PULL 
RESULTANT 
PULL 


MOTOR 
PULL 


| 


GENERATOR -- =) 


Fic. 2.—Diagram showing Unbalanced Stresses іп Behrend’s Method. 
16-pole machine as in Fig. 7. 


Resultant magnetic pull = Pull on generator side — Pull on motor side. 
N = North Pole. S = South Pole. 


> = Flux in generator pole due to field ampere-turns. 
—» = Flux in motor pole due to field ampere-turns. 
---<<->- = Resultant flux in generator pole due to field ampere- 


ps turns — armature ampere-turns. 
Short-circuit mu] сеге 


No-load conditions  ... | 


= Resultant flux іп motor pole due to field ampere-turns 
+ armature ampere-turns. 


tested by the Behrend method. The meaning of the various arrows 
is explained below the diagram, whilst the following figures will show 
that the several magnitudes have not been exaggerated. In Fig. 5 
will be seen a temperature curve designated III. B, obtained from a 
machine with 48 poles tested by Behrend's method. In this test the 
rotor was arranged in two halves, and it was found that when one half 
was normally excited with 109 amperes and the other excited with 
17 amperes, full-load current flowed in the short-circuited armature, 
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Now, it is at once obvious that, with the armature on open-circuit under 
these conditions, the magnetic pull on the generator side will be much 
greater than thaton the motor side. But how will this be affected when 
the full-load current flows in the short-circuited armature? Since the 
internal angle of lag is almost 9o? the armature ampere-turns on short 
circuit are almost entirely direct in their reaction on the main field, 
the distorting effect being practically n/—that is to say, the generator 
field (due to 109 amperes) will be weakened and the motor field (due to 
17 amperes) will be strengthened. This effect, it has been maintained 
by some, will equalise the motor and generator poles, and therefore 
remove all magnetic out-of-balance. That this is not so, however, can 
be easily proved from the case in question. In this machine the back 
ampere-turns on short circuit with full-load current in the armature 
were equivalent to an exciting current of 30 amperes. Thus on short 
circuit we should have :— 


Effective exciting current in generator section = 109 — 30 — 79 amps. 
» ” ” motor ” = 17+ 302=47 » 


From this we see that there is a resultant pull on the generator side 
due to the flux corresponding to a difference in excitation of 32 amperes, 
which in the above machine corresponds roughly to 25 per cent. of the 
total magnetic pull due to full-load exciting current. 

Moreover, that a resultant pull must exist in order that a current can 
flow in the armature is at once obvious when we remember that this 
current is due to the E.M.F. set up by this resultant flux (that is, total 
generator flux — total motor flux), and as soon as the motor pull equals 
the generator pull the flux in the motor portion equals that in the 
generator, and no current can flow owing to both E.M.F.’s being equal 
and opposite. 

Now this resultant magnetic pull may not be scrious in the case of 
slow-speed alternators, such as the above, which ran at 150 revs. per 
minute and had a diameter of 126in. Although the vibration of this 
machine was pretty considerable when run as above, it was not such as 
to make the Behrend test impossible. 

With high-speed machines, however, this method becomes dangerous, 
as іп the case of the above-mentioned 30-k.w, machine, and in some 
instances is absolutely prohibitive. 

As an illustration of this, a test was recently made on a large 3-phase 
generator built by Messrs. Siemens Brothers’ Dynamo Works, Limited, 
Stafford. This machine was built for 3,900 kilovolt-amperes 6,600 
volts 342 amperes at cos ф = 0:0, there were 12 poles, and the specd 
was Soo revs. per minute. This, with a bore of 250 cms, gave a 
peripheral speed of 65 metres per second or 13,000 ft. per minute, 
hence the machine may almost be classed as a turbo-alternator. Since 
it was impracticable to run this machine on full load at the works, it was 
necessary to use some other method for measuring the temperature 
rise under full-load conditions, for in a machine running at this speed 

Vor. 42. 18 
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which had to be entirely cased in to prevent the otherwise unbearable 
noise, the heating was the most important feature in the test. 

For testing this machine several combinations were tried. As 
already mentioned, the machine had 12 poles, and it was tried to 
test the machine by Behrend’s method, namely, to split the field up 
into two equal parts, and make one half act as generator and the other 
half act as motor. It was found, however, that even when 100 amperes 
were sent through the generator exciting coils (which were weakened 
by armature reaction) and 50 amperes through the motor exciting coils 
(which were strengthened by armature reaction), the magnetic un- 
balancing was so great as to make it absolutely impossible to run the 
machine at anything like full speed owing to the severe vibrations of 
the stator on its bed. 

What the vibrations would have been like with the proper field 
.currents—namely, 172 amperes in the generator half versus 15°8 amperes 
in the motor half (as afterwards determined by a modification of the 
above method explained below)—it would be difficult to contemplate. 
As it was, the terrible roar set up on closing the field switch was 
perfectly alarming. 


III. AUTHOR'S MODIFICATION OF BEHREND'S METHOD. 


It was due to such failures as the above that the author was led to 
make the modification of Behrend's method represented in Fig. 3, and 
published in his original article.* The field is still split up into two 
halves, but the motor or weakly-excited poles are symmetrically 
interspersed amongst the generator or strongly-excited poles, so that 
the whole revolving system is balanced with respect to the shaft, as 
will at once be seen from a glance at the figure. 

Mechanically this method has proved quite satisfactory, even in the 
case of the above high-speed 12-pole machine which was tested in this 
way. For this purpose poles 1, 2; 5, 6 ; 9, 10; formed one circuit and 
was excited with 15:8 amperes ; this was the motor half. The other 
group, consisting of poles of 3, 4 ; 7, 8; 11, 12; formed the generator 
half, and was excited with the full-load exciting current of 172 amperes. 
Under these conditions the full-load current circulated through the 
short-circuited armature. The armature back ampere-turns in this 
machine were equivalent to 64 amperes on full load, so that the flux 
in the generator section was due to an effective exciting current of 
172 — 64 = 108 amperes, and іп the motor section of 15:8 + 64 = 80 
amperes. In the former case, with six consecutive poles acting as genera- 
tor and six as motor, it was not possible to read the armature current 
owing to the unsafe working conditions, but we can estimate the 
resultant pull as due to about 10 amperes, whilst in the latter case, with 
a difference of some 28 exciting amperes, the pull was zero, with respect 
to the shaft, since all poles were symmetrically balanced. | 

Although the author's modification of Behrend's method proved 


* Electrician, vol. 55, p. 508, 1905. 
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successful mechanically, electrically the results are not satisfactory for 
the following reasons :— 

In the first place, since only half of the field coils carry the full-load 
current, it is obvious that the proper heating will only occur on these 
poles, whilst the heating of the motor poles which, according to the 
above tests, never carry more than 10 to 20 per. cent of the normal 
exciting current, is quite negligible. What the effect of this on the 
other parts of the machine might be in the case of an open-type 
alternator it is difficult to estimate, although its influence on the cooling 
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Fic. 3.—Author's Modification for Balancing Unequal Magnetic Stresses 
in Behrend's Method. 


16-pole machine as in Figs. г and 2. 
(For explanations see Fig. 2.) 


of the stator might be considerable, whilst, in the case of the above- 
mentioned high-speed machine, which had to be totally enclosed. to 
reduce the otherwise intolerable noise, this is a most important factor, 
for, with only half the field heating, the internal temperature will be 
obviously much lower than under actual full-load conditions. 
Moreover, many machines which have to be tested by some such 
method as the above have an exciter, which must also be tested at the 
same time. Now it is quite clear that the Behrend method is of 
very little use for testing the latter machine. It is even better to run 
the alternator over-excited on open circuit. Both of these points will 
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also have to be considered later on when we come to deal with the 
determination of the efficiency. 

The above remarks only apply to the rotor ; we now come to the 
stator, and here the method discloses its greatest weakness. 

Although with the full-load armature current we get the proper 
copper loss in the stator, it still remains a question whether the tem- 
perature rise of the latter will be correct on account of the core losses 
not being the same as under actual full-load conditions. This 15 at 
once obvious, from the fact that, with the poles connected as in the 
Behrend test, only the core losses under the generator poles are 
anything like the actual, those due to the motor poles (excited with 
something less than 20 per cent. of the normal current) being of 
very little consequence. 

The effect of this is well shown in Fig. 5, where a curve is given 
comparing the temperature rise of the stator core when tested by 
Behrend's method with that under actual conditions. Тһе tempera- 
ture rise of the core is seen to be little more than half that on 
full load, which also probably accounted for the fact that the tempera- 
ture rise of the copper was somewhat less than on full load. 


IV. AUTHOR'S METHOD OF TESTING ALTERNATORS. 


Тһе same objections, of course, apply to the author’s modification of 
Behrend’s test as о Behrend's test itself, and both these methods сап 
be rejected in favour of the following, which was the alternative 
suggested in the author's article previously referred to. In that paper 
it will be seen that Behrend's test was described as “Tests with 
Unequal Fields Unbalanced,” and the author's modification as “ Tests 
with Unequal Fields Balanced." "The alternative method described as 
* Tests with Equal Fields Balanced” will now be considered, and we 
shall see how this method is superior to the other two, both mechani- 
cally and electrically. In passing, it may be pointed out that the title 
“Tests with Equal Fields Balanced” is not quite correct—properly 
this should read, * Tests with Fields due to Equal Exciting Currents 
Balanced." 

From the foregoing it will be quite clear what are the essentials in 
any method of testing in order that the results shall be valid. 

Above all, it is highly important that there is no dangerous resultant 
magnelic pull with respect lo the rotor shaft. Thisisthechief mechanical 
consideration. Electrically, the requirements are full-load exciting 
current with full-load armature current and full-load core losses. When 
these conditions are fulfilled, correct heating and losses in all parts of 
the machine are obtained, whence both the temperature rise and 
efficiency can be accurately found. At the same time, the exciter (if 
any) will be tested' under normal conditions. We now proceed to 
describe the method by means of which the above conditions can 
practically always be accurately fulfilled, the qualifying adverb being 
only necessary when the number of poles becomes too limited. To 
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illustrate the method an actual example may be taken. In Fig. 4 the 
scheme of connections used in a 48-pole machine is shown diagram- 
matically. All the poles are in series and carry the full-load exciting 
current, hence we have at once full heating on the rotor, together with 
the exciter working under normal full-load conditions. Of these 
48 poles, four groups are reversed, these groups consisting of two sets of 
4 poles diametrically opposite and two sets of 5 poles at right angles to 
these. Hence in all there are 18 poles reversed and 30 poles connected 
as for normal working.* The latter are the generator poles and the 
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Fic. 4.—Diagrammatic Representation of the Author's Method of 
Testing Alternators. 


Arrows represent resultant fluxes.+ 
48 poles. 30 generator poles versus 18 motor poles. 


former the motor poles. Thus there are 30 generator poles versus 
18 motor poles. Under these conditions, full-load current flowed 
through the short-circuited armature when full-load exciting current 
was sent through the field coils, hence, provided the heating of the 
armature core is correct, there is little doubt about the heating of the 
stator copper, consequently the criterion of the test is the stator iron 
loss or core heating. 
In Fig. 5 a set of curves is given showing the temperature rise at 


* It was on one of the same machines that the above Behrend test was carrried 
out, there being some six machines in all—whilst others were tested on full load, as 
shown in Fig. § and Table I. 

NOTE: In author's method, flux in motor pole is greater than flux in generator 
pole. This is the reverse of what happens in Behrend's test—cp. Figs. 2 and 3. 
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back of stator core, all curves being taken with the same armature and 
field current, except that referring to the Behrend test, which has 
already been considered. Of the remaining four curves, two were 


TABLE I. 
Temperature Rise of Stator Core in Degrees C. 


(See Curves in Fig. 5.) 


Machine No. | I. II. III. A. | II. B. IV. 
Smith's ® Behrend's + Smith's * 
Conditions 470 k.w. 470 k.w. Test Test Test 
of Test. (cos ф = 150). | (cos $ = ro). | (18 poles versus | (24 poles versus | (18 poles versus 
30 poles). 24 poles). 30 poles). 
Time in Hrs. Rise in Degrees C. 
O'S 12'0 15°3 18°3 10°7 | 100 
ГО 235 236 26*5 15°2 233 
175 28:2 234 зто | 105 275 
20 370 204 341 19'9 305 
25 337 360 363 207 339 
70 350 375 ж | aea 345 
35 360 378 = 247 1424 354 
4'0 35'8 383 -- — | 360 
45 372 384 ms = 368 
| 
50 383 2 жер D | 372 


| 
* Losses іп both stator and rotor same as оп 470 k.w. at cos $ = 10. 
t Only stator copper losses same as оп 470 k.w. at cos ф = то. 


NOTE, 


Machines I. and II. tested on dead load. 
Terminal volts, 2,200 ; stator amperes, 122 ; rotor amperes, 111. 
Machines III. A and IV. tested by author's method. 
Terminal volts, о; stator amperes, 123 ; rotor amperes, 116. 
Machine III. B tested by Behrend's method. 
Terminal volts, 0; stator amperes, 122; rotor amperes, 109 in 
24 poles, 17 in 24 poles. 


taken on a dead load of 470 k.w. at unity power factor, and two by 
using the author's method—that is, 18 motor poles versus 30 generator 
poles (see Table I.). The dotted part of the upper curve was obtained 
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by extrapolation, whilst the other curve taken by the author’s method 
is plotted from the results of an inspection test. That the temperature 
rise was the same as on actual load is at once evident from an inspec- 
tion of the curves.* In addition to this, the iron loss was measured 
on open circuit, both when the machine was excited with the poles 
normally connected and when 18 were reversed, by reading the 
input to the driving motor. This was found to be approximately 
the same in each case. (Ср. Fig. 6, also calculation of the efficiency in 
Section VI.) This, of course, was to be expected, for it is only to be 
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Fic. 5.—Curves showing Temperature Rise of Stator Core in similar Machines: 
Tested by Various Methods. 


supposed that with the same temperature rise the iron loss will be the 
same. In the above test it will be noticed that the rotor was opened at 
8 places (Fig. 4). It could equally well have been opened at 4 places, 
provided the proper ratio of motor to generator poles were maintained 
(see later, Section V.). 

An experiment was made, however, to see if it were possible to 
reverse all the 18 poles in one group, so that the rotor need only be 
opened in 2 places. On open circuit the machines ran quite smoothly 

* Since the above tests were carried out, this method has been applied to 


numerous machines, and the agreement with actual conditions has always been 
found remarkably good—sometimes within 0:5? Е, 
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with full-load exciting current in the field coils, but as soon as the 
armature was short-circuited the machine shook badly and the test 
had to be discontinued. The reason of this out-of-balance is quite 
clear, namely, armature reaction. From this it is seen that it is essen- 
tial to have the rotor balanced, even in slow-speed machines, and for 
this purpose the minimum number of openings in the rotor is four, 
namely, two diametrically opposite groups reversed. 

It is not always necessary, however, to have a complete balance, as 
the following example shows. In the case of the above-mentioned 
slow-speed alternator running at 150 revs. per minute, with a peripheral 
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Fic. 6.—Showing Normal Open-circuit, Short-circuit, and Iron Loss 
Curves on Open Circuit as given by Author’s Test. 


Taken оп a 3-phase alternator 250 К.м. at cos = 058, 3,000 volts, 18 poles, 50 (NJ, 
333 revs. per minute. 


speed of about 25 metres per second (48 poles, бо ©, 126 іп. 
diameter), it is not difficult to obtain the desired ratio of motor to 
generator poles; but in the case now to be considered of an 18-pole, 
72-in. bore alternator, running at 333 revs. per minute, the conditions 
are somewhat different. It was desired to run the heating test with 
the losses on full load at a power factor of o'8. For this purpose it was 
necessary to have 7 motor poles versus 11 generator poles. The 
connections were therefore made as follows: The field was split up 
into four groups of 6 poles, 4 poles, 5 poles, 3 poles, and the two almost 
opposite sections of 4 and 3 poles were reversed. There was no 
unpleasant shaking on test due to this combination, whilst on open 
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circuit no vibration whatever was perceptible with the field fully 
excited. Fig. 6 shows the results of various tests taken on this 
machine. Of chief interest are the curves representing the iron losses 
when the field is excited normally and when 7 poles are reversed. 
From these it will be seen that these losses are not very different in the 
two cases. Inthis machine the author's test seems to have given them 
somewhat on the safe side. 

The flux distribution in the above machine is shown by the oscillo- 
graph curves, Figs. 7 12. Figs. 7 апа 8 represent the terminal 
pressure and field curves on open circuit and non-inductive full load 
respectively taken on a momentary exposure with the field connected 
normally. Fig. о shows the terminal pressure and field curve on «he 
oscillograph in a similar way with the machine fully excited on open- 
circuit with 7 poles reversed as explaincd above. Fig. 10 shows 
the corresponding field curve on short circuit, with normal full-load 
current flowing in the armature—that is, the field curve of the machine 
when under test. 

Figs. 11 and 12 show the field curves taken under the same 
conditions as Figs. 9 and то respectively, but as fime exposures.” 
Thus Figs. іі and 12 delineate the distribution of the flux over 
the circumference of the machine by the field curves of the 18 
poles. 

Referring briefly to the above curves individually, Fig. 7, giving the 
open-circuit terminal voltage and field curve, illustrates the ripples due 
to the teeth (the slots were open in the machine in question). In the 
corresponding curves in Fig. 8, taken when the machine was working 
on a non-inductive load, it will be observed how the ripples have been 
smoothed out of the terminal pressure wave, whilst the strong cross- 
magnetising effect of the armature ampere-turns is clearly demonstrated 
by the distortion of the field curve. The phase relations in the above 
diagrams are meaningless, the field curve being obtained by simply 
placing a conductor in the air-gap at random. 

Figs. 9 and ro refer to similar conditions, but with 7 poles reversed. 
The small ripples in these curves and even in the datum line are merely 
due to the toothed wheel gearing of the oscillograph drum, the latter in 
this case being driven by hand instead of by the synchronous motor, 
which is always allowable when taking snapshots. From Fig. 9 it will 
be seen that the terminal wave bas the same shape as under normal 
conditions, which is to be expected, whilst Fig. 6 shows that the open- 
circuit characteristic with 7 poles reversed is merely the normal 
open-circuit characteristic to a reduced scale, that is to say, the terminal 
voltage is simply due to 11 — 7 = 4 poles, whereas that in the normal 
case is due to 18 poles. On comparing the ordinates of the two curves 
it will be found that they are in the ratio of 4:18. "That the flux per 


* All the above oscillograms were taken on a Siemens & Halske oscillograph, 
which can be used for either time or instantaneous expcsures, and is also fitted with 
an arrangement for rotating the strip about its vertical axis fcr use in cases such as in 
Figs. 11 and 12, where the flux under the several poles is different. 
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Fic. 7.— Terminal Voltage and Field Curve on Open Circuit taken under Normal 
Conditions. | 


Fic. 8.—Terminal Voltage and Field Curve on Non-inductive Load taken under 
Normal Conditions. 


Fic. 9.— Terminal Voltage and Field Curve on Open Circuit taken with Poles 
arranged for Author's Test. 


Fic. то. — Field Curve on Short Circuit taken with Machine on Author's Test. 
Terminal Voltage = о 
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pole on open circuit is the same in all the sections, except at the 
openings, is also proved by Fig. 11, taken оп а time exposure with 
the motor driven from an independent supply (as also for curves in 
Fig. 12). * | 

With regard to the flux at the openings, it is quite simple to see 
what happens on open circuit. In this case there is no armature re- 
action, so that there is neither weakening nor strengthening effect. 
Further, on open circuit, an opening affects one group just as much as 
the other, consequently the total flux of each section is affected to an 
equal degree, so that the resultant E.M.F. will be due to the difference 
between the flux in the poles of one section and the flux in the 
poles of the other. At the openings, however, where both poles 
have the same polarity and are equally excited, there is a reduc- 
tion of flux, since there can be no interchange of flux between 
equally-excited consequent poles. The extent to which the flux is 
‘reduced in the particular case in question can be seen from Figs. 9 and 
II. If no saturation were present this reduction should be about one- 
half ; actually, however, it is somewhat less, since fewer ampere-turns 
are required to drive the reduced flux through the consequent poles, so 
that the neighbouring poles will carry somewhat more flux owing to 
this larger M.M.F. which is now available for driving the same. This 
argument of course applies equally to both sections. 

We now pass over to the case when the armature is short-circuited 
and full-load current is flowing. Figs. то and 12 represent the momen- 
tary and time exposures respectively of the flux waves. 

The curves in Fig. 12 are to the same scale as the curves in 
Fig. 11. As mentioned in the earlier part of the paper, on short 
circuit the internal lag of the armature current is approximately 90°, 
hence with respect to the motor section of the field the effect will be a 
strengthening one and to the generator section a weakening one (see 
Figs. то and 12). The armature current is due to the E.M.F. set up 

~ by the resultant flux in the generator section. This resultant flux, of 
course, is the preponderance of the total flux in the generator section 
over the total flux in the motor section, as will be further elucidated in 
the calculation of the same to which we now turn. 


V. PRE-DETERMINATION OF NUMBER OF POLES TO BE REVERSED. 


Since the author's method is nothing more than a means whereby it 
is possible to obtain the full-load current on short circuit with the 
normal exciting current in the field coils and the full flux in the arma- 
ture, it is obvious that the current in the short-circuited stator will have: 
to encounter practically the same impedance as in the ordinary short- 
circuit test with reduced field. Hence, as a starting-point for the pre- 
determination of the number of poles to be reversed we have the 
E.M.F. induced by the resultant flux must equal the impedance volts ; 
or what is practically the same thing numerically, the reactance volts, 
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since the small ohmic resistance in quadrature with the comparatively 
large inductance usually becomes quite negligible. In other words, 
the E.M.F. induced in the generator section must exceed that induced 
in the motor section by an amount equal to the reactance volts on full 
load, in order that full-load current may flow in the short-circuited 
armature. 

Now, from an inspection of the curves in Figs. 10 and 12 it is seen 
that the flux in a motor pole is considerably larger than that in a 
generator pole, consequently a much larger E.M.F. will be produced 
by one of the former poles than by one of the latter. A still further 
number of generator poles will therefore be required to counter- 
balance the larger E.M.F. induced by the motor flux, in addition to 
the number of generator poles necessary to overcome the reactance 
volts. 

Hence if— 


x == number of pole-pairs in generator section, 

y = number of pole-pairs in motor section, 
E, = E.M.F. induced by one pole-pair in generator section, 
E,, == E.M.F. induced by one pole-pair in motor section, 

E, == reactance volts on full load, 


we have— 
sE EnS Eroe жож ж кею б (1) 


neglecting for the time being any refinements. 

In this equation E, is calculated from the machine data. E, and E,, 
can be found from the open-circuit characteristic, so that there only 
remain unknown x and у; hence, in order to solve the equation we 
have only to find some further relation between x and y. Now, it is 
obvious that, owing to the reduction of the flux wherever there are 
consequent poles, namely, at the openings, the sum + + y will be less 
than р, where р is the number of pole-pairs іп the machine. Virtually, 
at every opening, one pole—made up of two half-poles—is lost, 
neglecting for the time being the effect of saturation and armature 
reaction ; consequently— 


хЕуш)--4......... (2) 


where 4 equals half the number of pole openings. 

To find E, and Е,-іһе E.M.F.'s induced by a pair of generator 
poles and motor poles respectively—we have merely to take the 
algebraic difference or sum of the field ampere-turns and the stator 
ampere-turns, and from the open-circuit characteristic read off the 
corresponding Е.М.Е.5 per pole-pair. This, as already explained, is 
due to the fact that the cross-magnetising effect on short circuit is 
practically zero, and the armature ampere-turns can be regarded as 
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entirely magnetising or demagnetising in their action, as the case may 
be. Hence all we need for finding E, and E,, is the open-circuit 
characteristic, together with a knowledge of the exciting and the back 
ampere-turns. This will be illustrated presently when we proceed to 
work out an example. 

The effect of armature reaction and saturation, however, cannot be 
neglected, and a correction will have to be made for this in order 
that the proper number of poles to be reversed can be accurately 
pre-determined. 

To find the effcct of armature reaclion at the pole openings the 
back ampere-turns can be regarded as superposed on the exciting 
ampere-turns, or rather the flux due to the back ampere-turns as 
superposed on the main flux. Now, at every opening the armature 
reaction acts on a pole-pair—that is, at each opening we have the back 
ampere-turns per magnetic circuit; hence from the open-circuit 
characteristic must be read off the E.M.F. per pole-pair corresponding 
to the back ampere-turns. This E.M.F. must be then added to the 
motor voltage, which it assists, or subtracted from the generator 
voltage, which it opposes. 

This leads at once to the question of saturation, or, in other words, 
From what part of the open-circuit curve should the E.M.F. due to 
the back ampere-turns at the openings be read off? For it must be 
remembered that the flux due to armature reaction is superposed on 
a field already partially saturated. Now, E, and E, generally lie 
beyond the knee of the curve—that is to say, E, and E,, lic on a practi- 
cally straight part of the open-circuit characteristic (see Fig. 6)— 
consequently it is not unreasonable to expect that the effect of 
armature reaction corresponds to some intermediate position between 
E, and Е». 

This assumption has been actually confirmed by several tests; and 
it has been found that the magnitude of this effect may be found 
with sufficient accuracy by taking half the difference of E, and Ep- 
That is to say, if 4 E, denotes the voltage at each opening due to 
armature reaction, then $ E,—4 (E,,—E,) ог E, ZZ E,— E,; hence 
with g pairs of openings the voltage added to the motor section will 
be д. E,. 

We now introduce this correction for armature reaction and satu- 
ration in equation (1) and we get— 


ж. Eo. Bat gg ESJeES о ж 4.2) 


All the necessary factors for solving the above equation can now be 
determined, and we can proceed to predict how many poles have to be 
reversed for testing the machine under any given conditions. This is 
best illustrated by an example such as that shown in Table II., which 
is similar to a sheet drawn up by the author for use at Messrs. Siemens 
Brothers Dynamo Works. 
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ТАВІЕ П. 


Pre-determination of Disposition of Rotor Poles for Author's Test. 
Equivalent conditions for which machine is | 312 k.v.a. at 


to be tested cos ф = 0'8 
No. of pole-pairs in machine 56 p=9 
Half number of openings in rotor (assumed) q = 2 
No. of generator pole-pairs х + No. oft — А 

motor pole-pairs y "peg 
Reactance volts on 312 k.v.a.. bes E, = 390 volts. 
Exciting current at 312 k.v.a. at COS фо -8 = 55 amps. 
Equivalent armature reaction at 312 k.v.a. == 15 5 
Active exciting current in generator section Ц--і,шдОо  , 
Active exciting current in motor section ... пф і,== 70 » 
Volts рег pole-pair in generator section ·... E, = 350 volts. 
Volts per pole-pair in motor section... doe Е» == 410 ,, 


Volts per pole-pair due to armature reaction E,=E,,—E,=60 __,, 
Then from— 


x. Е, —(у.Е„-+9.Е,) =Е,; ie, 350 х — (416у + 2 X 66) = 390 


and— 
t+ y=p-—q=7 
we get— 
No. of generator pole-pairs +=4 48 = 45. 
No. of motor pole-pairs ... y= 7 — 4:5 = 25. 
And— 
No. of poles in generator section = 2 (« + 7) =2 (45 +1) =и. 


No. of poles in motor section ... =2 " + 1) = 2 (2°5 + 1) =7. 


The figures in the table refer to the 18-pole machine whose open- 
circuit characteristic is shown in Fig. 6. A glance at the table will 
suffice to show how it is used, so that but little explanation is necessary. 

As mentioned above, the number of openings in the rotor is arbi- 
trary between certain limits. For a balance the least number of open- 
ingsis 4. This is the arrangement shown in Table II., and for the sake 
of convenience is generally used. Provided the number of poles admits 
of it, however, we can equally well use 6 or 8, or even more openings. 
This option is sometimes useful when x and y do not equal any 
exact multiple of о’5 when a certain value is given to 4, for in this case 
one has merely to try some other valuc for q until the number of 
poles in the two sections work out whole numbers. It will be noticed 
that with 9 = 2—that is, with 4 openings—the number of poles in each 
section will be even when x and y are multiples of unity, and odd 
when they are multiples of one-half, but not of unity. 

In the latter case, of course when the number of poles in each 
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section is odd, there will always bea slight unsymmetry in the arrange- 
ment of the rotor poles, as in above machine (see Sect. IV.). The 
resultant pull due to this out-of-balance, however, is seldom serious, as 
it is only due to the small displacement of one pole round the circum- 
ference. Even in small high-speed machines, say 10 to 16 poles, the 
vibration is scarcely more noticeable on short circuit than on open 
circuit, although it is always advisable to see that the machine is 
properly bolted down. 

lt occasionally happens, in the case of machines with small numbers 
of poles, that it is impossible to make x and y a whole multiple of unity 
or of o'5—that is to say, it is impossible to get a whole number of poles 
for each section for the given conditions under which the machine is to 
be tested. In this case it is advisable to round off x and y so that the 
number of poles in the motor section becomes somewhat too large and 
that in the generator section too small. "The result of this is to make thc 
exciting current correspondingly larger than the normal, so that the 
test conditions all round become less favourable than the actual 
conditions ; in other words, by making the motor effect too strong, 
the machine is tested under conditions corresponding to a slight 
overload. Ап alternative to this is to cut out one pole completely from 
the dominating section. 

In most cases, however, it is possible to make the number of poles 
correspond exactly to the required conditions under which the machine 
is to be tested, and then, in addition to the heating, we can also 
correctly determine the efficiency and losses, and at the same time 
a fairly accurate idea of the regulation can be obtained. 


VI. DETERMINATION OF THE LossES AND EFFICIENCY. 


To find the efficiency one has merely to measure the input to the 
driving motor when the alternator is running on short circuit, with full- 
load current circulating in the stator and normal exciting current in thc 
field coils, then * deducting from this the input to the driving motor 
when running light and uncoupled, the total losses in the alternator 
and exciter are at once obtained. (In case no exciter is present, the 
excitation losses must be added to the other losses, as usual.) 

As an illustration of this the case of a 177-k.w. machine tested in 
this way may be taken. 

The input to driving motor was measured as follows :— 


Running light and uncoupled  ... wee she e. = 55 kw 
Driving alternator and exciter light t ... Ж el mm 79, 
Driving alternator normally excited on open circuit 

(including excitation losses == 20 k.w.)  ... e. = 164 ,, 


Driving alternator on short circuit under full-load 
conditions (including excitation losses = 4:3 k.w.) = 214 ,, 


* As mentioned above, the iron losses under these conditions have been found to 
be substantially the same as on full load. 

1 The machine was excited to some 4 to 5 per cent. in excess of normal pressure, 
to allow for additional magnetic losses on load. 
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From these measurements the losses can be analysed thus :— 


Windage and friction loss = 7°0 — 5:5 == 1'5 k.w. == 0*9 per cent. 
Alternator iron loss (164 — 2:9) — 7:0 == 6:5 k.w. = 37 n 
Stator copper loss (214 — 4:3) — (164 — 2:9) = 36 k.w. = 2 ,, 
Excitation loss 4:3 k.w. = 274 per cent. 
Total loss 214 — 5'5 = 15:9 k.w. == 9 per cent. 
Efficiency at full load— 
output 177 А 

= output + $ losses ~ 177 + 15:9 — 9r'5 per cent. 

From this example it will be seen how the efficiency can accurately 
be determined by merely supplying and measuring the total losses. 
` Indeed, this method is much superior to the usual synthetic method of 
finding the several losses separately and adding them together—a 
method which almost invariably gives results some 1 to 2 per cent. too 
high, since it is not easy to accurately compute the temperatures for 
which the resistance should be calculated or measured, or the 
additional losses which occur only on load. 

Nor is the method of determining the efficiency from a full-load test 
attended with much greater accuracy, especially when the motor isa 
steam, gas, or oil engine. Even when an electric motor is used for 
driving the alternator, there always remains the question of the motor 
efficiency. In the author's method, however, the whole of the losses 
are measured together and it only remains to deduct the input to the 
driving motor (whose losses are practically the same when running 
light as when driving the alternator on short circuit) when running 
light and uncoupled, in order to obtain the total combined losses of 
alternator and exciter. | 

These losses can then be analysed as shown in the above example. 

Of course, all the losses in the above example refer to full-load 
conditions, but the efficiency at any other load can be obtained 
either by suitably altering the number of poles in each section to 
correspond to the required load, or, since the several full-load losses 
can be determined as shown above, the efficiency can be computed 
with very fair accuracy as follows :— 


| Full Load. | Half Load. 
Д | 
Kilowatts. | Kilowatts. 
65 65 


Iron loss  ... 554 


| 
Stator copper loss. : - 36 | о9 
Excitation loss ... bide те js 43 | 36 
Windage and Friction 5; 1'5 I'S 
Totallosses ... i тр P 15'9 I2'5 
88:5 — Re. 
Then efficiency at half load = 875 rcent. 


88:5 + 12:5 
VOL. 42. 14 
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If it is allowable to neglect friction and windage loss, which is often 
permissible in large slow-speed alternators, or if only the electrical 
efficiency is required, we can obtain the efficiency with even greater 
accuracy, for in this case the input to the driving motor has only to be 
measured when the alternator is on test under full-load conditions, then 
immediately after breaking the exciter field again read the motor input. 
In this case the conditions are almost identically the same in the two 
cases, so that the total magnetic and electric losses will be obtained to 
a fairly high degree of accuracy. 

It is obvious, therefore, that by means of the author’s test the 
efficiency of an alternator can be determined far more quickly and 
accurately than by any other practical method, and is thus not only 
applicable for finding the temperature rise, but equally well for deter- 
mining the efficiency. 

Turning now to the regulation, on opening the stator, that is, on 
breaking the short circuit, there will obviously be a rise of pressure at 
the stator terminals. This, however, cannot be said to correspond with 
the pressure rise at zero (or practically zero) power factor, because when 
the machine is working on short circuit it is scarcely possible to speak 
of it as working on a power factor, when by power factor is understood 
the ratio of the true watts in the external circuit to the apparent watts 
in the same circuit. Nevertheless, this rise of volts has been found to 
correspond very nearly with that on zero power factor, and can there- 
fore be used for finding this regulation, although sufficient tests have 
not yet been carried out in this direction to enable any definite rule to 
be deduced. 

On the other hand, the method forms a valuable check on the 
calculated regulation. For instance, suppose that the actual magnetisa- 
tion curve corresponds with the calculated, and we have the accurate 
ratio of poles in each section corresponding to full-load conditions, 
then it is obvious that the correct regulation at full load will be given 
by the voltage rise corresponding to the exciting current taken by the 
machine when thus tested, that is to say, the method forms a check on 
the calculated full-load exciting current or regulation. 

To summarise briefly, the method of testing alternators just 
described affords an accurate means of determining the heating and 
efficiency of large or small units with the minimum expenditure of 
power. With regard to the temperature tests, the results will, as a rule, 
agree very closely with those obtained from actual full-load tests, whilst 
the efficiency will generally be given with a greater accuracy than that 
yielded by either of the usual methods described in the paper. In 
addition to this, the exciter will be subjected to its proper test, just as 
when the machine is on full load. 

In concluding this paper the author has to express his gratitude to 
several gentlemen who have assisted him both in the experiments and 
in working out the results. Dr. Kloss and Mr. Marden have ever been 
ready to offer every facility in carrying out these tests and in drawing 
up this paper. Mr. Stcinmetz is practically alone responsible for all 
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the diagrams. Mr. Schenkel has materially assisted on several theo- 
retical points. Мг. Woodward, along with others, has been especially 
obliging in arranging many of the tests, which have demanded much 
night-work. Lastly, he must acknowledge his indebtedness to the firm 
of Messrs. Siemens Brothers’ Dynamo Works for giving him full per- 
mission to publish the results of his investigations on their machines. 


SUMMARY. 


After showing the sources of failure and incorrectness of the exist- 
ing methods of testing alternators on short circuit, the author proceeds 
to expound a method whereby the actual full-load conditions can be 
exactly imitated by supplying the total losses, and the accurate tempera- 
ture rise and efficiency be thus obtained. 


DISCUSSION. 


“Mr. А. E. CLAYTON : There can be little doubt that the author's 
method of testing an alternator is an improvement upon the Behrend 
method. The diagrams (Figs. 2 to 4) show clearly the superiority of 
Mr. Smith's method as far as “balance” is concerned. The rotor 
heating must be the normal full-load heating, since the coils all carry 
full-load current. Since the rotor creates the draught which cools the 
stator, it is necessary for correct heating of the stator to have correct 
rotor heating. In this respect, then, the author's method has an advan- 
tage over the Behrend test, and, in addition, the iron losses correspond 
more closely to full-load losses than can possibly be the case in the 
Behrend test. 

With regard to the paper itself, there are one or two points to be 
regretted. The tests might well have been more systematic. The 
author gives us temperature curves on one machine, iron loss and open- 
circuit curves on another, and calculates the efficiency of yet a third 
alternator, It would have added greatly to the interest of the tests if 
he had given complete results for at least one machine, 

Regarding the iron 1055. One would have expected the losses on 
open circuit to have been slightly less with the author’s test than on 
normal open circuit for the same exciting current, owing to the reduced 
number of flux reversals due to the “openings” at which the poles are 
reversed ; for instance, in Fig. 11 there are only 14 reversals instead 
of 18 with normal connections, It is also strange that the normal 
iron-loss curve shows signs of “saturation,” and the curve taken on 
author’s test does not. There would appear to be a constant error 
in the normal iron-loss curve, as it will not apparently go through the 
zero-point, 

So far as the actual iron loss is concerned, whether the loss on the 
author’s short-circuit test is equal to the actual iron loss on load or 
not, can only be determined by experiment. The stator currents, as 
the author points out, either magnetise or demagnetise, according as 
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the pole is motor or generator. There is therefore no distortion of the 
flux wave, as can clearly be seen from the curves Figs. 10 and 12. 
The iron loss per active motor pole, then, may be taken as the open- 
circuit iron loss per pole, due to the active exciting current in the 
motor section (i, + ;,), and the loss per generator pole as the open- 
circuit loss per pole due to active exciting current in the generator 
section (4, — i). At the openings the iron loss may almost be neglected. 

Taking the 312-k.v.a. machine as an example and working from the 
open-circuit iron loss curve on author's test :— 


Number of active poles (generator) is equal tog. Active exciting 
current = 40. 

Number of active motor poles is equal to 5. Active exciting 
current = 70, ` 


Neglecting iron losses due to poles at openings :— 


Loss рег 14 poles with exciting current of до amperes = 12 k.w. 
Loss рег 14 poles with exciting current of 70 amperes = 20 kw. 
Iron loss (author’s test) due to generator poles = T X 12 = 777 k.w. 
Iron loss (author's test) due to motor poles = n х 20:-71 k.w. 
Total iron loss on author's test = 777 + 71 k.w. 
= 14'8 k.w. 


The no-load iron loss is about 10°5 k.w. Thus the iron loss with 
the author's test would appear to be some 40 per cent. greater than the 
no-load iron loss, and is therefore probably a little greater—perhaps 
I5 per cent. to 20 per cent. than the normal full-load iron loss. This 
is indeed to be expected, owing to the very pronounced effect of the 
armature currents on the flux of the motor poles. 

With regard to the efficiency of the alternator, the figure given by 
output 
output + X losses 
input to the machine when running on Mr. Smith's test—since the iron 

losses are slightly on the high side. 

The author obtains the iron loss on load from the input to the 
alternator on open circuit and normal voltage, or rather 4 per cent. to 
5 per cent. above normal voltage, after subtracting friction and excita- 
tion losses. Now this will not give the load iron losses; the 4 per cent. 
or 5 per cent. increased voltage is simply sufficient to account for the 
increased flux on load necessitated by stator impedance. It takes no 
account whatever of the increase of the maximum flux density in the 
gap and teeth due to distortion of the flux wave (see Fig. 8 for example). 

To obtain the iron losses it is best to take them as equal to the total 
losses minus the known losses. The stator copper loss can be quite 
accurately determined from the current and the measured resistance 
while hot, allowance being made for eddy currents as shown in 


will probably be a little too low—the losses being the 
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M. B. Field’s paper recently read before this Institution. It would 
have been of very great service if the author had given efficiency 
calculations and iron-loss curves for the same machine. 

These few points do not detract at all from the merit of the test 
itself, and the author is to be congratulated on introducing a differential 
test on one machine which so closely approaches to actual working 
conditions. The test is quite easily carried out, and does not involve 
any appreciable alterations to connections on the machine. The run- 
ning of the machines under his test is certainly all that could be desired ; 
there is no unbalancing whatever. 

Dr. W. E. SUMPNER: It is specially appropriate to-night for some 
one to recall the fact that the split pole method of testing described 
by the author is originally due to Professor Ayrton. The credit for 
first pointing out the application of the Hopkinson principle to the 
testing of alternators is due to Mr. Mordey, the President, who in 1893 
read a paper before the Institution * describing the test as applicd to 
single alternators. The machines tested had only one exciting coil, so 
that the field coil could not be split, but the armature coils were split so 
that one portion acted as motor and the other as generator. At that 
time, in conjunction with Professor Ayrton, I extended this method to 
machines with multiple poles, and split the ficld instead of the arma- 
ture. As a Contribution to the discussion on Mr. Mordey’s paper, I 
described а test on a revolving armature alternator of 100-k.w. output 
having 20 poles. The test was made in an electrical works in the south 
of London, and was carried out in various ways. In one case the 
poles were divided into two equal halves and excited by unequal 
currents. Inalater test 8 motor poles and 12 generator poles were 
used, coupled up so as to be excited by the same current. The tests 
were successful. No trouble was experienced due to unbalanced forces 
because the alternator had fixed field coils, and there were no revolving 
forces acting on the shaft. Over ten years later Mr. Behrend used the 
method with larger alternators of the modern type having revolving 
poles, and found it necessary to arrange the test so that trouble due to 
unbalanced poles was avoided. Later still Mr. Smith, in testing still 
larger machines, has modified the method so that a most perfect 
balance is secured. The only criticism to make is that the numerous 
subdivisions of the field render the method complicated, and also 
cause abnormal distortion of the field at the many points of junction 
of the pole sets. Lack of balance is due to unequal fluxes in the gene- 
rator and motor portions. Since the magnetic pulls, and also the core 
losses, are in each case proportional to the square of the flux, it follows 
that any inequality of the motor and generator fluxes will not only tend 
to cause trouble due to want of balance, but will also lead to inequality 
of the core losses in the motor and generator sections. To reproduce 
working conditions it is desirable to make such losses equal, and if this 
be done the magnetic pulls will be balanced at the same time. The test 
has as yet only been tried in two ways ; either the motor and generator 

* journal, [Institution of Electrical Engineers, vol. 22, p. 110. 
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sections are made equal and the exciting currents different, or the sec- 
tions are made unequal and the exciting current the same. There 
still remains the possibility of simply dividing the poles into two 
adjacent sets, and of independently adjusting the ratio of the number 
of poles and the ratio and strength of the two exciting currents so as to 
secure both equal fluxes and the right armature current. Under such 
conditions the core losses and core heating will be normal, and it will 
be easy to allow for any difference in coil loss. Such independent 
adjustment of the number of poles and current, with fewer openings 
in the ficld, will give conditions more nearly approaching those 
obtained in practice. 

Mr. К. A. Снаттоск: I notice that the results obtained by the 
author’s method of test in nearly all cases show a less temperature rise 
than 15 the case when the machines are tested on dead load. I think 
that this is an indication that one method is not quite comparable with 
the other. In purchasing an engine and generator the buyer does not 
as a rule trouble himself about the efficiency of the generator by itself. 
What he wants to know is how many pounds of steam the engine 
requires per kilowatt output of the generator at various loads and at 
various power factors. ‘To ascertain this it is necessary to use a non- 
inductive load with an arrangement for adjusting the power factor. 
The cost of carrying out such a test in a generating station, where of 
course the power can be obtained at a very reasonable figure, over a 
б hours run оп a 1,500-k.w. generator, amounts to from £6 to £8. 

At the Birmingham station we periodically test all the machines, 
and I consider that the cost and inconvenience of opening up the field 
windings and making the necessary arrangements for the test described 
by the author would render it almost impossible to adopt this method 
in generating stations. From a manufacturer's point of view I realise 
that the test may be very valuable, as an indication of what a 
machine will do can be obtained quite accurately enough for all 
practical purposes and with a minimum expenditure of energy. In the 
case of a dispute between the engine builder and the maker of the 
generator, the test described by the author will be very useful, as it 
is possible to measure accurately the efficiency of the generator inde- 
pendently of the engine, and the responsibility of any adverse results 
on an official test could in this way be properly apportioned. The 
only other way of doing this would be to couple the engine up to some 
form of brake, and this method in the case of large engines is practi- 
cally unworkable. 

Мг. В. ORSETTICH : Shortly after the publication of the Behrend 
method I tested two large alternators, using different numbers of 
poles on motor and generator sections, and unequal field currents. In 
doing this I aimed at obtaining equal fluxes and normal core loss. 
The test was accepted as satisfactory by the consulting engineers, and 
the machines were taken over on the results of the test. In this case 
there was no trouble due to vibration, although in larger machines I 
have tested it became noticeable. There are several disadvantages 
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connected with the author’s proposed arrangements for test ; first, the 
large number of points in which the exciting winding is opened is a 
serious objection, especially at high speeds, also the distribution of 
flux being different in the poles, the core loss is greatly affected, and 
with high saturation of the teeth, the unequal flux distribution would 
further affect this loss. As, finally, the frequency is different during 
the test from the one with which the machine works afterwards, it is 
difficult to say how the result of the test will compare with the actual 
losses under running conditions. 

The leakage of the machine is also different during the test because 
of the large number of poles which are reversed, and this is bound to 
affect the amount of , excitation required by the poles, and the heating 
of the machine is bound to be affected in the same ratio. 

In my opinion the results of the test quoted by the author are quite 
accidental, and it is quite possible that in other machines-with a dif- 
ferent ratio between copper and iron losses entirely different results 
would be obtained. 

I think that the author has not been quite fair towards' other 
methods. The original Behrend method, as described in the paper, 
would require a number of the poles in the two parts of the armature 
to be alike. This i$ not necessarily so, and, as a matter of fact, 
Behrend's paper leaves it quite open. It is therefore not a condition 
that there should be such a wide ratio between the exciting amperes 
of the motor half and the exciting amperes of the generator half. 
Whoever applies this method for the first time, after a little experience, 
is bound to find out that in order to reduce the ratio of the two it is 
necessary to alter the number of the poles in the motor half compared 
tothe generator half so as to reduce the difference of the current in 
the two exciting circuits. 

I do not agree with Dr. Sumpner that the copper loss can be deter- 
mined by calculation based on the resistance. The heating of the 
copper of the magnets depends on the ventilation as well as on the 
exciting current. In a modern machine the largest amount of copper 
will be in the field winding, and in order to reduce this copper as far 
as possible one has to work very close to the limits of heating' when 
the maximum exciting current is passing through the field—that is, 


when the machine is working with the lowest power factor and with ' 


the maximum overload at the same time. 

Itisa test of the heating of the field coils under these conditions 
that interests the designer most, and it is extremely difficult to foresce 
by calculation or by comparison with other machines the exact amount 
of heating which can be carried away by the ventilation of the machine. 
For this reason a test of the generator is indispensable. 

The author throughout his paper has referred to full-load exciting 
current without explaining whether this currentj is adjusted to be 
equal to the exciting current of the machine with power factor unity 
or with power factor zero. I therefore assume that the current during 
the test was adjusted to be equal to the field current of the generator 


Mr. 
Orsettich. 


Mr. 
Orsettich. 


Mr. 
Evcrest. 


Dr. Kloss. 


216 SMITH: THE TESTING OF ALTERNATORS. (Хоу. 11th, 


when working with power factor zero, as this value only will give the 
comparative results which ensure that the machine will not overheat 
under any conditions. 

I should also like to know if the author has employed the method 
with very high-speed machines and few field coils, such as turbo- 
alternators, as I am afraid such methods would not be suitable. 

Mr. A. К. EVEREsT: I am not convinced that the flux distribution 
in the test described is such as to give core losses corresponding to 
those in actual working at load. That the results correspond in the 
case given, as shown by temperature tests, appears due more to an 
accident than a necessary result. 

It is quite possible to predetermine the heating of a machine on 
full load from observations of heating on open circuit and on short 
circuit. At load the heating of the соге is proportional to the total loss 
in it—that is, the iron loss plus copper losses in those portions of the 
windings which are cmbedded in the core slots. Similarly, the tem- 
perature rise of the coil ends at load is due in part to the copper losses 
within them and in part to heating from the hot core and from the air 
which is blown upon them being already warm as it leaves the field 
windings. An open-circuit run made preferably at voltage increased 
sufficiently to give losses in the core equal to the sum of iron losses 
plus the full-load embedded copper losses will show the core heating 
corresponding to those total losses, and the coil ends while carrying no 
current show the temperature rise due to heat from the core and from 
the heated air blown upon them. Similarly a run on short circuit shows 
the heating in the coil ends proportional to their own copper losses. 
It also shows the heating of the core due to the losses in the slot- 
embedded portion of the windings. By adding the temperature rise 
on the coils obtained in these two tests, the temperature rise which will 
occur at full-load conditions is found. The method has been applied 
in a number of cases, subsequent full-load tests always giving results 
closely in accordance with the values predicted by the method 
described. 

Dr. M. KLoss: The great advantage of the method is that if it can be 
proved satisfactory it will result in a great saving compared with full-load 
tests. Up to the present the method has been systematically applied 
only by Messrs. Siemens Bros. I hope that other firms will follow, and 
that the method will be adopted as a standard. If this is done and the 
results published, it will be possible closely to compare the test figures 
with the actual behaviour of the machine under full-load conditions. 

It is difficult to say definitely how the core losses will be made up 
under the conditions of the test. At points where the field is reversed 
and two adjacent poles are of the same polarity, the induction in the 
gap and the teeth will be reduced to, say, half the normal value for the 
first approximation, and therefore the loss in the teeth at these places 
will be reduced to about one-quarter. Moreover, at this point the fre- 
quency will be reduced to two-thirds, and for this reason again tbe loss 
will be reduced. However, with half the flux density less ampere- 
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turns would be required, but as the field current is not reduced in these Dr. Kloss. 
poles the flux will go up, and consequently the loss will not go down to © 
the extent at first assumed. On the other hand, the density in the core 
at the places of reversed poles will go up from the same reason, but 
the frequency will be reduced to two-thirds. It is therefore not 
definitely clear whether the total iron losses in the machine will be 
higher or lower with the Smith method than when running under 
normal conditions of field. This refers to open.circuit test only. Then 
when the machine is short-circuited, the motor poles will be stronger 
than the generator poles (although the field ampere-turns would remain 
the same). Under these conditions the iron loss may well be greater 
than under ordinary load. This, however, is fair towards the customer, - 
as the machine would actually be tested under worse conditions than 
with normal load. The point wants clearing up, which can only be 
done by comparing the loss as determined by the test with the loss on 
actual load. 

Dr. D. К. Morris: The drawback to the Behrend type of test is рг. Morris. 
the gross irregularity of the magnetic conditions occurring wherever 
the field winding is opened. This point has especially becn brought 
out by the last speaker. There is much to be said for the separate 
open-circuit and short-circuit tests. The former gives full voltage, 
while the latter gives full current at zero or low power factor. The 
recent paper by Mr. R. K. Morcom and myself shows that a test is now 
quite possible in which the points of the open-circuit and short-circuit 
tests are combined, while at the same time hardly any power is 
required. It is merely necessary to connect the alternator to an 
inductive load of the type described in order to run the generator at 
full voltage and current and at approximately zero power factor. 
Experience has shown that the apparatus required is relatively small 
and compact, and that the same өсі сап be used for generators covering 
a wide range of powers and voltages. Generators do not normally 
require to work below 0°75 ог 08 power factor, and it may therefore 
be necessary to run the test at rather short voltage and full current or 
at short current and full voltage ; for only when the exciter will enable 
full current to be obtained at as low as 0°71 power factor will the test 
be quite possible at full voltage and full current. There is, of course, 
a certain amount of power required to overcome the losses in the 
inductive load, and this will need to be ascertained by means of a 
wattmeter. 

If the various tests which have been proposed are compared on the 
basis of the conditions which exist in proper full-load running, it will 
be found that the test I have suggested at zero power factor compared 
very favourably with all but the true load test or the Hopkinson test. 
In any case, the possibility of a full-voltage and full-current test with 
small driving power appears of considerable interest. 

The inductive test can be modified in the simplest manner to give 
circulating power in conjunction with inductive load. The mid-point 
of each phase of the main generator winding can be connected with a 
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point slightly removed from the mid-point of each choking coil. In- 
phase circulating current will then flow, one-half of the alternator 
winding acting as generator and supplying the one-half of each of the 
choking coils with energy, which will be transformed and delivered 
back by the other or secondary half of each coil to the remaining half 
of the generator windings as in-phase motor current (see Fig. A). 
Rather larger choking coils (say by 40 per cent.) will be needed for 
such a test than for that of zero power factor. But very much larger 
transformers still (six or seven times as large) will be needed if an 
attempt is made to do a similar test without the out-of-phase com- 
ponent of current. The test could conveniently be arranged at as high 
as 0'75 or o'8 power factor. The field windings will not be interfered 
with in any way. 


Generator 
stator 
windings. 


Inductive load 
used also as 
transformer. 


Fic. A. 


It would be interesting to know the results of such a test which 
seem to offer many advantages in all cases where one generator only 
must be tested under load conditions with the minimum expenditure 
of power. 

Mr. А. Т. BARTLETT: It would be a great advantage to have a 
recognised test that could be put forward and accepted without ques- 
tion by engineers generally. It is necessary to have some test in the 
manufacturers' works in order to be quite sure of the actual generator 
efficiency before delivery. After delivery one meets with such ques- 
tions as “Сап you explain this difference in the steam consumption 
from that specified ?” 

Nothing has been said about the voltage which the machines tested 
will give. I should like to ask the author how it is known that the 
machine was running with the correct flux, and I suggest connecting 
a voltmeter across one of the coils. In my opinion the Behrend test 
includes splitting the field into unequal parts. I have seen many 
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Behrend tests run, and have experienced vibration troubles due to M 


unbalanced forces. On this account I have already arranged tests 
in which the field is split into four parts. 

Mr. R. C. V. Brooks: As the test was not carried out at full voltage 
it would not show up defective insulation. 

Mr. SMITH (in reply): I should like to thank the several members 
for the opinions they have expressed, although I am afraid that some 
of the remarks seem to show signs of my paper having been misread or 
misunderstood. 

The chief point raised by those who have confined their criticism 
to the paper itself is the question of the core losses. To show that 
this point has not been overlooked in the paper, it will be seen that I 
regarded it as the criterion of the test. Turning, then, to the criticism 
directed to this end, I should first like to refer to Mr. Clayton’s remarks 
With regard to the iron losses when the machine is running on open 
circuit with poles reversed, with Mr. Clayton I think these losses will 
be slightly less than when the poles are normally connected and 
excited with the same current, although I fully appreciate Dr. Kloss’s 
criticism. The iron-loss curves in Fig. 6 are certainly unfortunate in 
this respect, and there is very probably a small constant error in the 
measurement of the windage and friction losses in the curve of normal 
iron losses. I could only give the results, however, as I obtained 
them. 

Passing over to the case when the armature is short-circuited, with 
the full-load exciting current in the field coils, I must thank Mr. Clayton 
for estimating the iron losses under these conditions. The conclusions 
he arrives at can be easily confirmed by reference to the iron-loss curve 
of the machine when thus connected in Fig. 6. I have been further 
able to confirm these results by reference to later tests, as a result of 
which I find the iron losses usually come out 15 to 25 per cent. too 
high when the machine is tested in this way, and I think it may be 
taken as quite general that the iron losses will be somewhat higher 
than under normal full-load conditions. Now, so long as the machine 
is well within its guarantees, this will not much matter either as regards 
ейсіепсу or temperature rise, for an increase in one of the losses will 
not have a very great effect on the total, and, at any rate, we know this 
is always on the safe side from the buyer’s point of view. It is only in 
cases where the guarantees are cut very fine that dispute might arise ; 
but even then it is always possible to check the iron losses and make a 
Suitable allowance for any discrepancy. 

Coming now to Dr. Sumpner’s remarks, I think most of the refer- 
ences he makes will be found in the articles mentioned at the beginning 
of the paper. With regard to the proposal to divide the field into two 
parts so that full-load current flowed in the stator whilst each pole 
Carried normal flux, a similar idea occurred to me to avoid having 
to make more than two openings in the rotor. For this purpose (pages 
199 and 200) І гап the machine with all the motor poles in one group, but 
in series with the generator poles. By this means the correct cooling 
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conditions were obtained, but the machine was not steady enough to 
allow the test to be continued. Dr. Sumpner's idea, however, is to 
obtain the same flux per pole by using different exciting currents. 
But let us see what is necessary in order to obtain full flux under each 
pole. 

Suppose, by way of example, we have a 24-pole machine with 
impedance volts = 8 per cent. of terminal volts. Assume, further, that 
open-circuit exciting current = 100 amperes. Full-load exciting current 
= 145 amperes at cos ф=о'8. Full-load exciting current = 160 
amperes at cos ф = o. 

These figures can be taken as fair I think. To provide for the 
impedance voltage, then, the number of generator poles must be 8 per 
cent. larger than the number of motor poles—i.e., we песа 24 x 8 per 
cent. = Г, or, say, 2 more poles in the generator section than in the 
motor. Hence there will be 13 poles in generator section, excited with 
160 amperes, and 11 poles in the motor section excited with (тоо — бо) 
== 40 amperes. Now, normally, the heating due to rotor poles is pro- 
portional {0 24 X 100° = 240,000, whereas under the suggested con- 
ditions the heating will be proportional to (13 X 160?) + (II X 40") 
= 332,800 + 17,600 = 350,000, which is about 14 times the normal 
full-load rotor loss. Now, since the stator is cooled by the draught 
created by the rotor, it is at once obvious that the temperature on the 
stator under these conditions will be considerably higher than the 
actual. Again, there arises the question of the excitation current. We 
have now two parallel paths carrying 160 and 4o amperes respectively, 
or 200 amperes total, but the direct-coupled exciter (assuming the 
machine were so excited) would only be designed to give a current 
of 145 amperes continuously. Surely the exciter would not be called 
upon to give this increased output. Moreover, such a test will tell us 
nothing about the ficld heating, and this is quite a serious matter in an 
enclosed machine. Gencrally, then, a further test would be necessary 
for the exciter and the rotor coils; but is it desirable to run the 
machine so long on open circuit with full-load exciting current? 
Again, consider what would happen in case one of the field circuits 
became broken, which might well happen with the temporary connec- 
tions made in a test house. To say the least, the results would pro- 
bably be highly disastrous, for safety devices are seldom used when 
such tests are being carried out. In addition to all these objections, 
we still have the difficulty of obtaining the proper number of poles to 
be reversed, as will be at once seen by considering a machine with 
a small number of poles. For instance, in the above case we reverse 
2 poles instead of го. In the case of a similar machine with 16 poles 
we should need to reverse r3 poles. The nearest approach to this is 
to have one pole more in the generator section than in the motor, 
which would result in a stator current of about 75 per cent. full-load 
current. Bearing in mind these and other possible objections which 
might occur on trial, I do not consider any great advantage can be 
expected by opening the rotor in only two places instead of four, 
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especially in the light of the advantages which the present method has Mr. Smith. 
been proved to have, namely :— 


1. Correct exciting current. 

2. Exciter working on full load. 

3. Proper cooling conditions in machine, 
4. Correct stator current. 

5. Slightly increased core losses. 

6. Complete balance. 

7. Safety of working. 

8. Simultaneous efficiency and heating test. 
9. Minimum expenditure of power. 


With reference to Mr. Chattock’s remarks, I think he is wrong in 
saying my method gives the temperature rise too low, for (see Fig. 5) 
often it is a trifle higher than the actual, which is no doubt due to the 
extra iron loss. 

The utility of such a method as the present is chiefly for the 
manufacturer. In cases like Birmingham, where the machines are 
periodically tested, and the requisite power is at ghand and can be 
obtained at such a reasonable figure (o'2d. per unit), such a method, 
of course, would obviously be quite out of place; for no artificial 
test can ever be more than approximate to actual conditions. Still, in 
cases of dispute, as Mr. Chattock mentions, the method might even be 
of great value to station engineers. 

Mr. Orsettich discusses the question of originality. Well, I do not 
think I have claimed to have done anything original, and, in any case, 
this is not for me to decide. I have, however, worked out and described 
a method possessing the advantages enumerated above, and have shown 
how the same сап be reduced to accurate calculation. With regard to 
other methods, I have sought to retain their good points and reject 
their bad ones. In reply to the question as to what I mean by the 
full-load exciting current, I always mean the exciting current with 
` which the machine works on full load at the power factor for which 
the machine is designed. With regard to the minimum number of 
poles to which the test could be supplied, I do not think it would 
be possible to go below six or eight. 

Coming now to Mr. Everest's suggestion, that the results in the 
paper were probably accidental, I may say that this is not the case. 
The results are not only correct, but logically correct. It is true only 
one example of each case has been given, but it is not necessary to 
give repetitions. As mentioned by Dr. Kloss, the test as yet has only 
been adopted systematically by Siemens Bros., but it has never been 
known to fail. It may be unfortunate that the test results given do not 
all apply to the same machine (as Mr. Clayton observes), but it is not 
possible to hold up the delivery of a machine for purely experimental 
purposes. With regard to the results obtained by Mr. Everest’s 
method, however, I should be strongly inclined to believe that these 
are decidedly the consequence of accident rather than of necessity, for 
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in neither case—open circuit nor short circuit—does either correct 
heating or correct cooling either in stator or motor obtain. The 
conditions of test are, indeed, absolutely fictitious. 

Turning now to Dr. Kloss’s remarks, I am pleased to see that he 
appreciates the great saving such a method may bring to manufac. 
turers, apart from its immense convenience. Indeed, for want of such 
a method many manufacturers— even in America, where Behrend's 
method was first published—have resorted to such methods as those 
suggested by Mr. Everest, and estimate the results. As to adopting 
the present method as a standard, this would doubtless be necessary in 
order to avoid misunderstanding. To do this it would merely be 
necessary for some official body to have independent tests carried 
out, and determine exactly to what accuracy the results could be 
obtained. 

With regard to Dr. Morris's remarks, it is not possible for me in this 
place to enter into a discussion of the method proposed by him ; but 
apart from the special apparatus used, I might mention that various 
firms have used for years some method for obtaining full load at zero 
power factor, but ip any case auxiliary apparatus is necessary. 

I think Mr. Bartlett will find the present method a reliable guide 
for judging the performance of an alternator before it leaves the 
works. 
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The Annual Dinner of the Institution was held in the Grand Hall of 
the Hotel Cecil, on Thursday, October 22, 1908. The President, 
Mr. W. M. Mordey, presided at a gathering numbering about 400 
persons, including the delegates to the International Conference on 
Electrical Units and Standards, and to the International Electrotechnical 
Commission, who had been convened to meet in London in the week 
in which the dinner took place. Among the noblemen and gentlemen 
present were: The Right Hon. R. B. Haldane, F.R.S., H.M. Secretary 
of State for War ; The Right Hon. Lord Alverstone, G.C.M.G., Lord 
Chief Justice of England ; The Right Hon. Lord Justice Н. B. Buckley ; 
Professor Silvanus P. Thompson, D.Sc., F.R.S., Past President; Sir 
William Crookes, F.R.S., Past President ; Dr. E. Warburg, President 
Imperial Institute, Charlottenburg; Mr. P. Boucherot, President 
Société Internationale des Electriciens ; Colonel R. E. Crompton, С.В., 
R.E., Past President, Hon. Secretary Electrotechnical Commission 
The Right Hon. Lord Biddulph ; Professor J. J. Thomson, F.R.S., 
Honorary Member; Mr. Alexander Siemens, Past President; Mr. 
R. A. Robinson, Chairman of the London County Conncil ; Sir Joseph 
Swan, F.R.S., Past President; Professor F. G. de Nerville, Engineer- 
in-Chief of Telegraphs, France ; Sir Robert Hunter, Solicitor, General 
Post Office; Mr. James Swinburne, F.R.S., Past President; Sir H. 
Babington Smith, C.B., C.S.L, Secretary General Post Office; Mr. 
R. Kaye Gray, Past President; Major-General Sir A. E. Turner, 
K.C.B., R.A.; Dr. Lindeck, Member Imperial Institute, Charlotten- 
burg; Sir Henry H. Cunynghame, K.C.B., Under Secretary of State, 
Home Office ; Sir Arthur W. Rücker, F.R.S. ; Colonel Н.С. L. Holden, 
R.A., F.R.S., Vice-President ; Professor К. Threlfall, F.R.S. ; Mr. Celso 
Nevares, Consul-General for Ecuador; Mr. J. W. Jacomb-Hood, 
Member of Council; Mr. H. F. Donaldson, Director, Woolwich 
Arsenal; Mr. George Franklin, President, National Telephone Com- 
pany ; The Very Rev. J. A. Robinson, D.D., Dean of Westminster ; 
Sir К. Douglas Powell, Bart., K.C.V.O., President Royal College of 
Physicians ; Mr. C. E. Spagnoletti, Past President ; Dr. S. W. Stratton, 
Director Bureau of Standards, Washington, U.S.A.; Mr. I. Réne 
Benoit, Director International Bureau of Weights and Measures; 
Dr. G. Kapp, Vice-President ; Sir Hubert Llewellyn Smith, C.B., Secre- 
tary Board of Trade; Mr, Robert Hammond, Honorary Treasurer; 
Mr. C. O. Mailloux (U.S.A.); Mr. F. Gill, Vice-President; Dr. Osuke 
Asano, Department of Communications, Tokio; Mr. C. P. Sparks, 
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Vice-President ; Mr. G. Stoney, Member of Council ; Dr. Jean Landry, 
School of Engineers, Lausanne ; Mr. М. б. Simpson, Indian Telegraph 
Department; Major P, Cardew, R.E., Electrical Adviser Crown 
Colonies ; Mr. Shigeru Kondo, Department of Communications, Tokio ; 
Major W. A. J. O'Meara, R.E., C.M.G, Member of Council; Mr. 
Henry Morris, President Royal College of Surgeons; Mr. W. H. 
Patchell, Member of Council; Dr. Jaeger, Member Imperial Institute, 
Charlottenburg; Professor Jose M. Madariaga; Mr. L. T. Weiss, 
Engineer-in-Chief of Telegraphs, Brazil; Mr. M. O'Gorman, Member 
of Council; Professor Lippman, Membre de l'Institut; Dr. R. T. 
Glazebrook, F.R.S., Past President ; Sir Robert A. Hadfield ; Professor 
A. Roiti, Royal Institute, Florence; Mr. A. A. Campbell Swinton, 
Member of Council; Dr. C. Chree, President Physical Society ; 
Dr. E. B. Rosa, Bureau of Standards, Washington ; Mr. John Taylor, 
Town Clerk, Johannesburg; Professor A. Schwartz, Member of 
Council; Mr. S. L. Pearce, President Incorporated Municipal Elec- 
trical Association; Mr. Whitaker Thompson, Chairman Highways 
Committee, L.C.C. ; Mr. E. С. Burls, С.5.1., Director General of 
Stores, India Office ; Professor W. A. Tilden, D.Sc., F.R.S. ; Professor 
О. Henrici, F.R.S. ; Captain E. О. Henrici, R.E. ; Mr. Miles Walker, 
Chairman of Manchester Local Section ; Mr. W. W. Lackie, Chairman 
Glasgow Local Section ; Professor J. Perry, F.R.S., Past President ; 
Mr. J. F. C. Snell, Member of Council ; Mr. G. W. Partridge, Member 
of Council ; Mr. J. E. Kingsbury, Member of Council ; Mr. W. Ruther- 
ford, Member of Council; Mr. J. Hunter Gray, Associate Member 
of Council; Mr J. E. Taylor, Associate Member of Council; Dr. 
W. М. Shaw, F.R.S., Director Meteorological Office; Professor 
J. Larmor, F.R.S, Secretary Royal Society. 

- + Тһе PRESIDENT gave the toast of “His Majesty the King," and 
of “Нег Majesty Queen Alexandra, His Royal Highness the Prince 
of Wales, the Princess of Wales, and the other members of the Royal 
Family." m. 

Mr. HALDANE, in proposing the toast of “Science and Industries," 
said it was an auspicious occasion, because the great conceptions 
of science, pure science or applied science, belonged to no one nation, 
and were dependent upon no incident of time or place. Science was 
cosmopolitan, and they were all proud of each other when some 
member of the scientific hierarchy had thrown new light upon a 
baffling problem with which humanity was concerned. In thc 
application of science there was a series of grades. Science was 
never so obviously powerful, so directly in evidence, as when it dealt 
with what was highly concrete. One of those with whom he associated 
this toast, Mr. Franklin, was distinguished for great mastery of the 
application of electrical science to the necessities of everyday life. 
The telephone had added enormously to the power of humanity to get 
over the limitations of time and space. The other guest with whose 
name he had to associate the toast was concerned with science in yet 
another phase. The higher and further they went the more abstract 
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science became, and Professor J. J. Thomson was associated in their 
minds with science that was highly abstract. It was a tradition in 
England that we always associated the application of mathematics 
to physics with the name of Thomson. It seemed to pass from 
generation to generation, and long might it continue to do so. 

A few years ago it might have seemed as if the domination of 
science over what science was applied to had its highest illustration 
in the application of pure mathematics to phvsics. That used to 
be said by his old master, Peter Guthrie Tait; but they seemed 
to have got a stage further now. The conception of number which 
many people thought they were quite familiar with had proved to 
be quite obscure. From days long gone by people were content 
to take the notion of a point in space as the ultimate standard by 
which they brought to the test their mathematical theories, and on 
it they based the infinitesimal calculus. But in these days there had 
arisen a new school, which had brushed aside the old relations of 
space as an exact test to which to refer the mathematical theories 
of the day, and they now learned that number required to have its 
domain completed by the introduction of the series of real numbers 
or irrationals. That had revolutionised everything, but it was the 
science of the time. 

Whether they took a great industry like that of telephony, or the 
practice of aerial navigation, which seemed to require a great deal 
of science applied to it before it could be put on a secure basis, or 
whether they took the higher mathematics, they found the same 
tendency which kept men striving after some more general con- 
ception to which to refer back their work. Towards the end of 
his life Faust was turned away from all the commonplace gratifications 
which had been offered by the Devil to the scholar, and came back to 
the one thing which made him safe at the moment—the discovery 
that, with his wealth and influence, he had been able to assist some 
poor people to keep the water from flowing into their village. It did 
not matter that they were constantly repairing the dam, but they could 
do it. And then he concluded his life with that dying exhortation, 
" He only gains and keeps his life and freedom who daily has to 
conquer them anew.” "That was the spirit of our time. We could not 
rest nor stand still in any department of life, whether it be a Govern- 
ment department, or in industry, or applied science, or pure science. 

If we failed or fell back in the race, then woe betide us, "This 
gathering was international, and the truth of which he was speaking 
was international. In every nation one was more and more impressed 
with the special excellences which were being developed. New men 
were coming to the front, and new truths were being borne in ; and, 
after all, what was most interesting was what concerned humanity at 
large. There was the great satisfaction that there was no real rivalry 
in the search after truth. Every one was proud of the contribution 
which his labour had made in whatever race. When he thought ot 
the example which Government had set to Government in the 
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developing of new applications of science to industry, he felt that 
it was good for such a gathering as that to meet together, and that 
they would profit if they bore in mind that all men, of whatever 
tendencies and of whatever nationalities, were converging on a 
common problem when they worked on the application of science 
to industry. 

Professor JOSEPH J. THOMSON, in reply, referred to the loss to the 
. world by the death of Lord Kelvin. While others emitted bright 
lines, Lord Kelvin's was a continuous spectrum covering the whole 
range of science and practice. 

It was largely through the achievements of engineering that public 
appreciation had been directed towards science. Electrical science 
was advancing by leaps and bounds, and was destined to minister to 
all their comforts and necessities. Extraordinary facilities were now 
offered by engineering to research work, contrasting with the diffi- 
culties under which it was formerly carried on. Pure science, on the 
other hand, had conferred immense benefits on engincering. The 
discovery of radium might have still more far-reaching results; in its 
- dissolution energy was evolved, and it was a matter for speculation 
whether in the future it might not become possible to “ kill” ordinary 
matter, making it discharge vast quantities of energy. 

Mr. GEORGE FRANKLIN, President of the National Telephone 
Company, remarked that science was essential to industry, and 
industry to science. Mr. Haldane had claimed that his Government 
had established closer relations between science and industry, but 
it would have been more correct if he had referred to himself 
(Mr. Haldane), who had done so much for this object. The uuiver- 
sities of this country owed a great debt to Mr. Haldane, who had 
advocated their causes both in and out of season. We are in troublous 
times, but the surest basis on which trade could be fostered was the 
scientific basis. 

The Right Hon. Lord ALvERSTONE, Lord Chief Justice of England, 
then proposed the toast of “Тһе Institution of Electrical Engineers," 
for which task he did not claim more than the usual competency, and 
compared himself on these occasions to a secondary battery,'which 
charged very well but discharged very badly. He referred to the fact 
that it was the jubilee year of the Atlantic cable, and recollected a 
visit to Glass, Elliott & Co.’s Works when he was fifteen years old, 
the cable being coiled down into the Agamemnon, which valuable 
work had been done by the pioneers of past days, many of whom 
жеге Past Presidents of the Institution— Lord Kelvin, Sir William 
Siemens, Sir Frederick Abel, Sir Charles Bright, Dr. John Hopkinson, 
and Mr. Frank Ives Scudamore. He was pleased to notice that the 
Institution was about to establish itself in one of the best sites and 
most commodious buildings in London, and, in conclusion, he wished 
it God-speed and every success in the future. 

Tbe Ркквішехт (Mr. W. M. MoxDEY), in replying, welcomed 
the delegates from abroad on behalf oí the 6,068 members of the 
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Institution. The work that the Conference was carrying on might 
be said to have commenced at the meeting in 1861 of the British 
Association, when Latimer Clark and Charles Bright read their paper 
on “The Formation of Electrical Standards of Resistance,” which led 
to the formation of the first Standards Committee of 1862, consisting of 
Latimer Clark, Sir William Siemens, Clerk Maxwell, Joule, Fleeming 
Jenkin, and Carey-Foster. The work then done could be considered 
thoroughly international, as was evident from the names of units then 
put forward—ampere, weber, henry, ohm, joule, volt, watt, etc. Passing 
оп to recent events, he referred to the deaths of Kelvinand Mascart and 
to the establishment by the Institution of the Kelvin Lectureship, in 
the delivery of the first of which Professor Silvanus Thompson had set 
such a high standard. Regarding the laying of the Atlantic cable, he 
claimed for Sir Charles Bright the credit that was due to him—Lord 
Kelvin had very fully acknowledged our debt to the skill and courage 
of Bright. The first cable had succumbed to excess of volts, although 
the name of volt was then unknown, and not from want of skill on the 
part of Kelvin or Bright, as an outcomc of whose work communication 
was permanently established eight years later. Kelvin’s work in 
connection with the first Atlantic cable of 1858 had been little 
improved upon until recently, but great advances had now been made 
by Mr. Sydney Brown, who applied to cable problems some of the 
knowledge gained in other branches of electrical engincering, and had 
rendered it possible to increase by some twenty or thirty times the 
working speed available on the 22,500 miles of cable of the world. 
Another epoch was marked by the putting down by Holmes, in 1858, of 
the first magneto-machine for arc lighting at the South Foreland 
Lighthouse, and it was interesting to remember that thc first com- 
mercial application of electric light at the building of Westminster 
Bridge was made in the same year. 

Professor SiLvaNvs P. Тномрѕох, F.R.S., Past President, іп pro- 
‘posing the toast of “the Delegates to the International Conference on 
Electrical Units and Standards and the International Electrotechnical 
Commission," ‘mentioned that the first reference in the Bible to the 
value of т appeared to be in Deuteronomy, where a circumference is 
given as I2 cubits and the corresponding diameter as 4 cubits. He 
had discovered that the State of Indiana, U.S.A., had passed a law 
stating that т should be exactly 31. The “ Units" Conference had 
that day been considering the ohm and found that it had two values 
—10# in C.G.S. units, and the resistance of a column of mercury 
106'300 cm. long, etc. the last two ciphers being added Бу the 
Conference. He drew attention to the far-reaching consequences 
of this value, such as its effect on the volume of т gramme of 
water. The other Commission had been more moderate, and had 
laid the foundation of a uniform nomenclature. 

Dr. E. WARBURG, President of the Physikalische Reichsanstalt 
replying, said that the main object of both bodies was a striving 
towards uniformity, and that uniformity meant simplification and a 
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saving in time and money. An initial community of interests was onc 
of the best means of establishing good relations between different 
countries, and they were indebted to their English hosts for their 
kindly hospitality tending towards that end. 

Mr. P. BoUCHEROT, the President of the Societé Internationale des 
Electriciens, in responding further to the toast, said he was particularlv 
honoured and fortunate in being called upon to spcak on an occasion 
similar to that on which his revered master, Hospitalier, spoke two 
vears ago. He recollected that on that occasion it had just been 
decided upon what foundations the Electrotechnical Commission 
should be built up, but it was scarcely possible to say anything as to its 
destiny. 

The credit of the success of the movement was mainly due to 
Colonel Crompton, who had been instrumental in calling together the 
preliminary meeting, and it was largely due to him that there was now 
à possibility, in a new direction, of co-ordinating international ideas, of 
bringing uniformity into the methods of defining these ideas, and also 
of expressing them in concrete form. 

In the pursuit of this work of higher education electricians had 
always taken a foremost place, although their intervention dated only 
from the Congress of 1881. In the domain of general education it 
would not be difficult to trace back the origin of instruction in the 
history of our race, and, morcover, one could with justice go back as 
far as the time of Cadmus the Phoenician, who gave the alphabet to 
the Greeks. This was going back a very long way, but «Союпсі 
Crompton would agree with him that it was a great work of co- 
ordination. Even to-day the question of symbols was discussed, and 
lie would like to be allowed to add that, in his opinion, this was a real 
matter for standardisation, because it was no doubt due to the fact that 
the Chinese did not accept the system of Cadmus that they had 
remained practically stationary during so many centuries. 

It had become quite a common thing to speak of progress and its 
causes ; but nevertheless, in his estimation, there was one particular 
point not sufficiently insisted upon: the evolution of species was so 
slow that one could not perceive any evolution in the human brain. 
For instance, Spencer had one of the greatest brains of the nincteenth 
century, and yet one could not assert that he was of superior intelligence 
to Aristotle. True he lived at a later period, but this is the utmost one 
can say with any certainty. Until late years archzeology was looked 
upon as comparatively a modern science. The archzeological discoveries 
had, however, brought to light the curious fact that Nabounchid, the 
last King of Babylon, about 550 в.с., was himself а keen archeologist. 
The stones he left behind him bore witness to the fact that, іп his 
researches, he traced back as far as 3,200 years before his own reign, 
and that he rejoiced, as over a victory, at the discovery of the dedicatory 
cylinders to the King of the Chaldeans, Narim-sin, who lived about 
6,000 years ago. It was far from him, however, to conclude from this 
that the ancients had any knowledge of the second law of thermo- 
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dynamics and the wonderful deductions drawn therefrom by Lord 
Kelvin. In conclusion, he said that although in the Middle Ages there 
were many learned men, there were no engineers, and the fact that 
Archimedes, Hero of Alexandria, and perhaps others, were as much 
engineers as savants did not alter this fact. То change the face of the 
earth needed a new social element, to wit, the engincer ! Engineers of 
all countries should be proud of their work, for however small the part 
played by each individual in that work, he had as much right to be 
proud of the great enginecring achievements as the success of his own 
country. He hoped that the work of the Commission might influence 
the future as the work of Cadmus had done in the past. 

Dr. Е. W. STRATTON, Director of the Bureau of Standards, 
Washington, U.S.A., also responded. Не referred to the addition of 
the two zeros to the figure for the length of the column of mercury as 
being to enable the Conference to report that no change had been 
made. The Conference would be remembered for more than dealing 
with the fifteenth or sixteenth place of decimals if its labours resulted 
in the establishment of a permanent authority, which would enable the 
laboratories of the great countries of the world to work in harmony. 

Dr. GisBERT Kapp, Vice-President, in proposing the Toast of “ Our 
Guests,” referred to the numerous distinguished visitors, representative 
not only of electrical engineering, but of all branches of engineering 
generally. It was one of the functions of electrical engineering to 
assist without rivalry engineering enterprises of all kinds. 

Мг. К. A. RoBInson, the Chairman of the London County Council, 
in reply, pointed to the deep interest of all, especially Londoners, in the 
progress of electrical enterprise. The London County Council had the 
largest municipal generating station in the world, and would use half 
a million units a day when it was completed. "The Council, however, 
did not wish to enter into rivalry with private enterprise; let the 
engineers take the risk and supply London at the lowest possible 
price. The London County Council were doing their share as regards 
the utilisation of electrical power, the Greenwich Generating Station 
supplying at present over 200,000 units per day, and this amount would 
shortly be increased to nearly half a million units, 
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Proceedings of the Four Hundred апа Eighty-fourth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
December то, 1908 — Мг. W. М. MORDEY, 
President, in the chair. 


The minutes of the Ordinary General Meeting held on November 
26, 1908, were taken as read and confirmed. 


The following list of transfers was announced as having bcen 
approved by the Council :— | 


TRANSFERS, 
From the class of Students to that of Associate Members— 
S. D. Barnwell. ` | Allan W. Bullough. 


Donations to the Library were announced as liaving been received 
since the last meeting from The American Philosophical Society, 
A. Artom, Le Comte de Baillehache, Carl Barus (160 Pamphlets), Pro- 
fessor Н. T. Bovey, Messrs. А. Constable & Co., Ltd., |. С. Н. Darby, 
W. Duddell, F.R.S., The Electrician Publishing Company, Ltd., H. К.С. 
Fisher, The Manchester University (Gartside Committee), Messrs. 
Purcell & Nobbs, and H. D. Wilkinson, to whom the thanks of the 
meeting were duly accorded. 


A paper (See page 232) by Messrs. J. C. Macfarlane and H. Burge, 
entitled, “Output and Economy Limits of Dynamo Electric Machinery,” 
was read and discussed. The meeting adjourned at 9.40 p.m. 
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OUTPUT AND ECONOMY LIMITS OF DYNAMO- 
ELECTRIC MACHINERY. 


By J. C. MACFARLANE, Member, and H. BURGE, Associate 
Member. 


(Paper received September 11, and read іп London on December 10, 1908.) 


INTRODUCTION. 
The object of this paper is to point out— 


(a) The factor that limits the output to be obtained from a given 
core size of a medium-speed dynamo-electric machine. 

(6) To indicate, by means of diagrams, what is approximately 
present-day practice with regard to this. 

(c) To indicate the directions in which extension of this output 
limit and economy in active material may be expected. 


It is the authors’ opinion that the best dynamo-electric machine 15 
the one which complies with the specified conditions, with the least 
possible weight, size, and cost. In some cases it is desirable to specify 
such conditions that the smallest weight, size, and cost of machine is 
obtained ; and, by designing in accordance with the methods set forth 
in this paper, these economies will be obtained, and will lead to in- 
creased efficiency, and greater mechanical security. 

If a small machine is designed to give the same output as a large 
machine at the same speed, then it is evident that the small machine 
can have a stiffer shaft and frame, less surface speed, and therefore 
greater mechanical security of the windings. 

These advantages can be secured with only a slight sacrifice in 
temperature rise in direct-current machines, power factor in induction 
motors, and regulation in alternators. 

Direct-current dynamos and motors, and 3-phase alternating-current 
dvnamos and motors only will be considered, as these, it is believed, 
will be sufficient to indicate the trend of present-day practice. 
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PART I.—DIRECT-CURRENT MACHINERY. 
List of Symbols. 


B = flux density in air-gap (C.G.S.lines per square inch—magnetic 
loading intensity). 


B, — flux density (average) in armature core teeth (C.G.S. lines per 
square inch). 
B, — flux density in armature core iron (C.G.S. lines per square 
inch). 
C = current in amperes. 
c — number of paths through armature winding. 
d = diameter of armature at face (inches). 
E = electromotive force (volts). 
f == frequency of reversals of magnetism in the armature core 
iron (cycles per second). 
] = nett length of armature core without ventilating ducts 
(inches). 
== total flux per pole crossing the air-gap (C.G.S. lines). 
p = number of poles. 
= electric loading intensity (ampere conductors per inch of 
periphery of armature). 
RP M = revolutions per minute. 
V, = volume of iron in the armature teeth (cubic inches). 
V, = volume of iron in the armature core (cubic inches). 
W = total iron loss in armature (watts). 
X - total electric loading (ampere wires). 
Y = total magnetic loading (C.G.S. lines). 
Z - total number of conductors round armature periphery. 
y = ratio of pole arc — pole pitch. 


Output Limil.—Since the introduction of the interpole, the output 
that can be obtained from a given core size is no longer governed by 
the sparking limit, but depends on the permissible temperature rise. 

Calculation of Output Factor.—Before considering the output 
diagrams, Figs. 1 and 1A, it will be necessary briefly to explain how 
these are made up, and in order to do this an equation must be 
obtained giving the relation between the principal armature core 
dimensions and the output, thus— 

The E.M.F. generated in the armature of a direct-current dynamo- 
electric machine is equal to— 


Bal BEM x ax No e de Re Яс ^ш 1) 


By multiplying both sides of equation (1) by C, the total current 
output of the machine in amperes, and rearranging it slightly, we get— 


EC ZC I 
RPM РМ Хе Хех 60" 
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Р 


It is to be observed that a is the total electric loading, and $N is 


the total magnetic loading. Also (neglecting the copper loss in the 
armature), EC is the output in watts. 
Therefore— 


watts ХҮ T (2) 
RPM бохо ^" ' | | ' "^ * * 


In a steam engine it is not necessary to know the size of the cylinder 
in order to calculate the power of the engine ; nor is it necessary in a 
dynamo-electric machine to know the dimensions of the armature in 
order to calculate the power of the machine. This latter can be clearly 
scen by reference to equation (2). 

If the total pressure on the piston of the steam engine is known, and 
also the intensity of the pressure, then the diameter of the cylinder can 
Бе found. Similarly, by introducing into equation (2) the intensities of 
the electric and magnetic loadings, the dimensions of the armature are 
introduced. 

Thus in equation (2), if X is replaced by x dq, and Y is replaced by 
v d (LB, equation (2) then becomes— 


а (0608 X то? watts 
коки Эм вот) 


where the part in brackets is the output factor. 

This relation between the dimensions, the output factor, and the 
output per revolution of a dynamo-electric machine, which was first 
given empirically by Esson and rationally by Professor Silvanus Р. 
Thompson a few years later, constituted a most important development. 

If it is transformed, and y is made equal to 07, equation (3) becomes— 


watts 


В x q = 870 X 1 X ppp ФІ, se. si, ы cde a 4) 


and shows that, for a given ratio of pole arc to pole pitch, the product 
of the clectric and magnetic loading intensities is proportional to the 
watts per revolution per minute per d?l. 


* [t will be seen from equation (2) that tbe output of a machine per revolution рег 
minute is proportional to the product of the total magnetic and electric loadings, and 
also that for the same output per revolution the magnetic loading varies inversely as 
the electric loading, and vice versi. It is also to be noted that if the total magnetic 
loading bears a constant ratio to the electric loading, the output of the machine varies, 
according to a parabolic Тал, with one or other of these, thus— 

It the magnetic loading is 800 times the electric loading, then— 


Y = 800 X, 
and therefore— 
wat ts E Soo X? 
RPM 900 x io 
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Outpul Limit and Permissible Loss on the Armature (Average Modern 
Practice).—In the diagrams, Figs. 1 and 14— 


Quadrant 1 gives the relation between the output per revolution 
per minute and the product of the magnetic and electric 
loading intensities (В х 4). 
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Fic. 1.—Relations between Output Factors and Armature Core Dimensions for 
Small Square Pole-face D.C. Dynamos. (Average modern practice.) 


Quadrant 2 gives the relation between the output per revolution 
per minute and the size of the armature core (the 421. 
Quadrant 3 gives the relation between the diameter of the armature 
and the 421 value of the armature for various numbers of 
poles, on the assumption that the poles have square faces.* 
* By a square-pole machine is meant a machine in which the polar arc is exactly 


equal to the nett length of the armature core, that is, the length of the core without 
the ventilating ducts, etc. 
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Quadrant 4 gives the relation between the diameter and length 
of the machine for any number of poles, and square pole 
faces. 


In making up these diagrams, a large number of interpole machines 
of modern design were considered, and the dimensions of the armature, 
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Fic. 1A.—Relation between Output Factors and Armature Core Dimensions for 
Large Square Pole-face D.C. Dynamos. (Average modern practice.) 


the ratio of the pole arc to the pole pitch, and the output and speed 
were tabulated. The output was reduced to watts per revolution per 
minute, and to 70 per cent. ratio of pole arc to pole pitch, and also in 
direct proportion to the ratio— 


core length for square poles 
existing core length 


Digitized by Google 
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That is, the altered output in watts per revolution per minute— 


me 1000 
= actual output in kilowatts x actual RP M 
70 per cent. of the actual pole pitch 

nett actual length of the core 


0'7 
Х ratio of actual pole arc to pole pitch 


The d and / values being known for the corrected square pole 
outputs, the corresponding d?/ values were calculated, and from equation 
(4) the products of the electric and magnetic loading intensities were 
calculated for these outputs and d?/ values. 

Since the net length of the armature core equals the pole arc for 
square pole face machines, and the assumed ratio of the pole arc to pole 
pitch is 0°70, then— 

_ та 


la Жо es 09) 


where р is the number of poles. Also— 


a= (a1) Px ot Ld ёсе уса е 5) 


from which the core lengths and diameters for selected 4: values and 
numbers of poles have been calculated and set down in the respective 
quadrants of the diagrams. 

These diagrams arc useful, for they enable the values of the product 
of the electric and magnetic loading intensities, the ағ! value, and the 
diameter and length of the armature core of a machine having square 
pole faces, to be obtained at a glance for any selected value of the 
output, and for any number of poles ; but it is to be noted that this core 
size will only be large enough to give the selected output with a 
temperature rise not exceeding 75? F., provided the armature is fairly 
well ventilated, and provided the sum of the losses in the armature 
does not exceed the value obtained from the curve, Figs. 2 and 24, 
corresponding to the d?/ value found. 

Conversely, if a certain core size is givén, the following may be 
found— 


(a) The output that can be obtained therefrom at a certain speed. 
(b The permissible value of the watts that can be dissipated on 
the armature in order to insure not more than 75° Е. tem- | 
perature rise. 


With regard to the first part (a): If the number of poles is known, 
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by working backwards from the diameter of the core we can find from 
the diagrams Figs. І and 1A— 


1. The net iron length of a core necessary for a square pole 
face. 

2. The d'l value for this core. 

3. The value of the watts per revolution per minute, and therefore 
the value of the output at the required speed, and— 

4. If required, the value of the product of the electric and 
magnetic loading intensities. 


The value of the output thus obtained will have to be increased in 
the ratio of the actual pole arc to pole pitch to 70 per cent. ratio of 
pole arc to pole pitch if the pole arc desired is greater than 70 per cent. 
and тісе versá, It will also have to be modified in the ratio of the 
actual net core length to the core length for a square pole face. It 
must be noted that the ventilation is better in short than in long core 
armatures, and it is here assumed that special care is taken in venti- 
lating the latter. Hence,to obtain the output which the core will give, 
multiply the output for the square pole core by the various ratios 
mentioned above, as follows— 

Actual output required— 


. output for square , actual RPM nct actual core length 
= | x ее а а TAON 2. ME 
pole core 1000 core length for square poles 
x: ratio of actual pole arc to pole pitch. 
07 


With regard to the second part (b) : As the d*/ is known, we can find 
from the proper curve, Figs. 2 and 24, the maximum watts the armature 
can dissipate without exceeding 75? F. rise; but unless the number and 
size of the slots in the core are suitable, it will not necessarily follow 
that the loss estimated above will not be exceeded. 

The information necessary to plot curves, Figs. 2 and 2A, was 
obtained from the average test results of large numbers of machines 
of different makes, all the results being reduced to 75? F. temperature 
rise, and to the peripheral speeds given in the diagrams. 

The armature losses obtained from the curves are only suitable for 
open-type machines ; a reduction of approximately го per cent. should 
be allowed if the machines are of the protected type and well venti- 
lated. 

Suggested Means for Improving the Output and Economy Limits.— 
There are three directions in which to look for extension in the output 
limit of direct-current machines, namely :— 


т. Improvements іп the active materials used іп the construction 
of the armature. 

2. Improvements in the ventilation. 

3. Improvements in disposing and proportioning the active 
materials on the machine. 
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Points 1 and 2 will not be considered in the following discussion, 
as they do not lie entirely in the domain of the electrical designer. 

In considering point 3, it has already been seen from equation (4) 
that the output per revolution per minute per ағ! is directly proportional 
to the product B x д. It is obvious, therefore, that in order to increase 
the output per 421 it will be necessary to increase the product B x 9, the 
value of which is influenced by the following considerations, namely :— 


Kilowabts 
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Fic. 2.—Permissible Kilowatts Loss іп Armature—As а Function of the 
Core Size for Small Machines. 


(a) The value of the product B x q depends on the value of the 
slot space factor ; in fact, for constant losses in the armature winding 
it varies directly as the square root of this factor. The slot space 
factor is increased generally by increasing the size of the slot, and this 
means that for a good slot factor the number of slots per pole should be 
small, and the depth of the slot great. There are certain limits to 
increasing the width of the slot beyond which it is not advisable 
to go. The limit of width is settled by questions of humming, eddy 
currents in the pole faces, and the width of the interpole face. Also the 
slot might be as deep as possible, but there are considerations to be 
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taken up later which limit the depth. Of course the slot-space factor 
is greatly improved by using square wire or strip, thus taking advantage 
of all the available slot space. 

(5) The value of the product В x 4 depends оп the depth of the 
slot, not only because an increased depth of slot increases the slot- 
space factor, but also an increased slot depth allows more copper to 
be stored round the periphery of the armature. It is obvious that it 
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FiG. 2A.—Permissible Kilowatts Loss іп Armature—As a Function of the 
Core Size for Large Machines. 


is not possible to increase the slot depth indefinitely and at the same 
time increase the output indefinitely from a given core size ; for, by 
increasing the slot depth, the iron section at the root of the teeth 
is reduced, thereby reducing the factor B of the product B x q, as 
the total flux per pole must be reduced if a constant magnetic density 
at the root of the teeth is to be maintained. 

The limiting value of depth of slot for a maximum output is obtained 
when the possible increase of the electric loading intensity is just com- 
pensated by the decrease in the magnetic loading intensity, due to 
cutting away the teeth at the roots. 


Digitized by Google 
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It is easy to demonstrate mathematically that, when working at 
constant density at roots of teeth, the maximum value of the product 
В х 4 occurs when the net width of copper in the slot is equal to the 
width of iron at the root of the tooth, and when the depth of slot is 
approximately equal to one-sixth of the armature diameter (sec 
Appendix I.). 

There are considerations which render it impossible іп large 
machines to make the slots as deep as here indicated, but there 
appears to be no good reason why slots should not be made deeper 
than they are at the present timc. In such machines the heating limit 
will nearly always be reached before the depth of slot is so large as 
indicated above, even if the iron losses in the core are reduced to a 
minimum by having the greatest possible radial depth of core. 

(c) The value of the product B хд also depends on the valuc of the 
flux density in the teeth, which is limited by considerations of economy 
in field copper. 

In small machines the surface ventilation, slot-space factor, and 
depth of slot are usually smaller than in large machines, and to these 
facts is due the shape of the curves in quadrants 1, Figs. 1 and 1А. 

It will also be seen from these diagrams that the product B x q soon 
reaches a limiting value ; but this, in the authors' opinion, need not be 
the case, for, as already stated, it is possible to work with much deeper 
slots in large machines than at present, thereby extending this limit. 

(d) Having discussed the output limits, it will now be considered 
how it is possible to obtain the maximum output for a given cost 
of active material. | 

It has been seen from equation (2) that the total magnetic loading 
varies in inverse proportion to the total electric loading on the 
armature for a constant output, and it may be observed that the 
amount of material іп the magnetic circuit, i.e., the iron and shunt 
copper, varies almost directly with this loading. Also the amount of 
material in the electric circuit, that is, on the armature and interpole 
windings, varies approximately in direct proportion with the electric 
loading. 

From the above it is obvious that there is some value for the ratio 
of the total magnetic to the total electric loading, which makes the 
cost of the active material for any machine a minimum (see 
Appendix IL). This minimum value occurs when the cost of the 
material in the magnetic circuit is equal to the cost of the material 
in the electric circuit. 

In Fig. 3 are shown five curves giving the total costs of active 
material as functions of the ratio of magnetic to electric loading for 
five machines of different outputs and different numbers of poles. 
These points of minimum cost appear to vary only slightly with the 
size and proportion of the machine and the number of poles. The 
minimum cost in each case occurs when the cost of the material in 
the armature winding, plus the cost of the material in the interpole 
winding, is equal to the cost of material in the shunt winding, plus the 
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cost of the effective iron and steel in the magnetic circuit. The losses 
in the clectric and magnetic circuits were also calculated for the above 
five machines, and it was found that not only were the total losses 
a minimum when the loss in the electric circuit was approximately 
equal to the loss in the magnetic circuit for cach machine, but these 
minima corresponded very nearly to the corresponding minimum 
points for cost. In general, therefore, we have-- 
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Fic. 3.—Cost of Active Material as a Function of the Ratio ы 


I. The cost of active material is a minimum when the cost of the 
material in the magnetic circuit is equal to the cost of the material in 
the electric circuit, and it will be observed from Fig. 3 that this occurs 
when the ratio of the total magnetic to the total electric loading lies 
between 250:1 and 350:1, approaching the lower limit when the 
machine issmall and has an armature diameter great as compared with 
its length, and the higher limit when the machine is large, and has an 
armature diametcr small as compared with its length. 

2. The efficiency is a maximum when the loss in the magnetic 
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circuit is approximately equal to the loss in the electric circuit, and this 
occurs when the ratio of the total magnetic to total electric loading is 
approximately the same as for the cost minimum. 

The minimum cost point depends on the market prices for the 
material, and the curves, Fig. 3, were made out on the following 
prices, namely :— 


Armature iron 7 Be - 345. per cwt. 
Pole stampings aai s 512 295; 4 
Effective yoke steel... its Е 185. » 
Copper... ies € T7 24% Is. per lb. overall. 


(e) Obviously the total cost of active material will depend on the num- 
ber of poles ; but it is very difficult to set down any hard and fast rules 
as to the best value for the frequency. Іп the authors’ opinion, 33 С. 
should not be exceeded for medium-speed direct-current. machines, 
and it is a waste of material to go below 20 ^w, where the number 
of poles is not limited by mechanical considerations. | 

In order to obtain an equation by which the iron losses could 
be readily estimated, thereby determining one factor in the above 
problem, the following tests were made on two modern direct- 
current machines of exactly the same dimensions. 

The armatures were coupled together on the same shaft, and the 
pole faces thoroughly laminated. To reduce the friction and brush 
losses to a minimum, two sets of ball bearings and only two brushes 
on each commutator were used. The tests were taken as follows :— 

One machine was run as a motor driving the other unexcited, and 
under this condition the driving watts were carefully registered. 
At constant speed the second machine was supplied with different 
excitation values, and the difference in the driving watts was 
registered for each of these values. These tests were also repeated 
at different speeds in order to find the effect of varying frequency, 

The results of the above tests are shown in Fig. 4, where the 
abscissze represent flux values and the ordinates give the watts loss 
values for the, various conditions. 

From the results plotted, it appears that the core loss varies approxi- 
matcly as the r'3 power of the frequency, and approximately as the 
second power of the density ; therefore if— 


V, = volume of the iron in the teeth in cubic inches, 
V, = volume of the iron in the core in cubic inches, and 
W = total watts loss on the armature, 

then— 


3. уаз (V; B? + V: By) EE т. M E D EE, (7) 


W= 12 
IO 


The equation gives very good results when the densities іп the 
armature teeth and core are fairly high. It enables the effect of an 
alteration of the frequency on the iron loss to be readily estimated. 


[ 4 
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In settling the question of the best frequency to adopt from the 
point of view of iron losses in any particular case, it might be assumed 
as a basis that the iron loss is equal to half the total loss on the 
armature (which is obtainable for апу d?l value from the curves, Figs. 
2 and 2a), for, when the copper loss on the armature is equal to the 
iron loss, the armature efficiency is a maximum. 

Having settled the above questions, it is now clear that— 
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Fic. 4.—Core Loss as a Function of the Flux per Pole and Speed. 
(Experimental Results.) 


I. The maximum output is obtained from a given 41 value when 
the width of the copper in the slot is equal to the width of the root of 
the tooth, and when the depth of slot is approximately one-sixth of the 
armature diameter, the losses being kept within the permissible value 
by increasing the radial depth of the armature core. As already stated, 
in large machines it will not be possible to use slots of such a depth 
because the permissible losses will be exceeded. 

In quadrant 2, Figs. 1 and 14, are given dotted line curves which 
show the increased outputs which may be expected from machines 
designed on these lines, the permissible losses being taken from curves 
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Figs. 2 and 24, and the densities of the roots of the teeth being fixed 
at 135,000 C.G.S. lines per square inch. The ‘actual iron losses were 
checked by equation (7). 

2. That for the present prices of copper and iron the cost of active 
material is a minimum when the ratio of the total magnetic to electric 
loading lies between 250:1 and 350:1. It is obvious that this 
condition in conjunction with (1), which leads to the maximum 
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Fic. 5.—Potential Rise round Commutator of Dynamo оп Full Load and 
Хо Load with Saturated Armature Teeth, 


output, involves in every individual machine a best proportion of core 
diameter to core length. 

Commutator Limiis,—The design of the commutator requires careful 
consideration, as with interpole machines the commutator can be made 
much smaller than with non-interpolars, because of the diminished 
brush contact loss. In fact, with regard to the smallness of the 
diameter of the commutator, this is only limited by— 


I. The mechanical thickness of the plate, and 
2. The proximity of the brush arms of opposite polarity to 
one another. 
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If the brush arms of opposite polarity are too near each other, there 
is a danger of the machine flashing over. | 

There is another reason for machines flashing over, and that is, the 
E.M.F. between adjacent commutator bars may be too great, and for 
ordinary direct-current interpole dynamos the average E.M.F. between 
the bars should not exceed 25 volts. It has often been stated that with 
dvnamos having very high armature M.M.F., the maximum voltage 
between adjacent commutator bars increases ОУ {гот по 
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Fic. 6.—Potential Rise round Domim: of Motor on Full Load and No 
Load with Unsaturated Armature Teeth. 


load to full load, due to the distortion of the magnetic field in the 
air-gap ; but this is not the case with machines in which the core teeth 
are highly saturated magnetically. It certainly exists with variable- 
speed motors on the higher speeds. 

Fig. 5 shows the potential rise round the commutator of a dynamo 
working at both no load and full load with saturated teeth. In this 
case the ampere-turns on the armature at full load were practically as 
great as the ampere-turns on the field, and practically no distortion of 
the curve at full load is noticeable. 

In Fig. 6 are shown similar curves for a до-Н.Р. variable-speed 
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motor running from 250 to 750 revs. The distortion of the potential 
difference curve on full load at 750 revs. is very great. 

With regard to the field system, it need only be stated that good 
proportions for the interpole section are 50 per cent. of the core lengths 
and 15 per cent. ratio of pole arc to pole pitch. With these dimensions 
the M.M.F. provided on each interpole should exceed the armature 
M.M.F. per pole by about 30 per cent. 

In concluding this part of the paper it may be observed that by 
using the proper multiplying factors the diagrams Figs, 1 and 1a apply 
equally to direct-current motors and rotary converters. 


PART II.—ALTERNATING-CURRENT MACHINERY. 
(INDUCTION MOTORS.) 


List of Symbols. 


maximum flux density in the air-gap (C.G.S. lines per square 
inch). 


ы 
З 
| 


С = load current amperes per phase (effective value). 
C, = ideal light-load current amperes per phase (effective value). 
Сән = ideal short-circuit current amperes per phase (effective 
value). 
d == inside diameter of stator bore (inches). 
E, = electromotive force per phase (volts). 
f = frequency of supply (cycles per second). 
VA = volt-amperes. 
1 = net length of stator core without ventilating ducts (inches). 
1, = average free length of one turn of stator and rotor winding 
(inches). 
N = total flux per pole crossing the air-gap (C.G.S. lines). 
N, = leakage flux per ampere-turn (C.G.S. lines). 
n — number of coils per phase. 
p = number of poles. 
S = number of turns per coil (stator winding). 
T - pole pitch (inches). 
б, = actual air-gap length (inches). 
б, = air-gap length, equivalent to resistance of the iron part of the 
magnetic circuit. 
бұ = air-gap length, equivalent to extra resistance of the air-gap 
due to reduction of area by slot openings. 
А = 6,+6.+ 6, 
I—o г 
cos ф = - [> = maximum power factor. 


в = leakage factor. 


Output Limit.—Unlike the direct-current machine, the core size of 
the asynchronous motor is not usually limited by heating considera- 


VoL. 42. 17 
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tions, but by the value of the leakage factor, on which the value of the 
maximum power factor depends. The leakage factor will be defined 
for this purpose as the ratio of е ideal light-load current to the ideal 
short-circuit current. 

Thus in Fig. 7 OA is the ideal light-load current, ОВ is the ideal 
short-circuit current, and О A ~ ОВ is the leakage factor. 

As already stated, the value of the leakage factor is of the utmost 
importance, and should be as small as possible, and it therefore behoves 
us to obtain a single expression by which it may be readily estimated 
for any induction motor, and this is best done by first considering 
separately the values of the ideal light-load and the short-circuit 
currents. ` 

Calculation of Ideal Light-load Current.—The light-load current for 
3-phase motors (when wound with half as many coils per phase as 
poles) is obtained from the fact that the maximum value of the M.M.F. 
per pole is equal to the number of turns in one coil x the maximuin 


C 


0 | 
ОА = Ideal Magnetising Current. O B = Ideal Short Circuit. 
ED 
O A— О B= Leakage Factor. . орт Maximum Power Factor. 


Fic. 7.—Heyland Circle Diagram. 


value of the magnetising current flowing in that coil, this product 
being equal to a constant x the length of the air-gap x value of the 
maximum flux density in the air-gap, provided the magnetic resistance 
of the iron part of the magnetic circuit can be neglected. | 

Thus— 


if д, = the actual air-gap in inches, 
Bmax, == maximum flux density in the gap (C.G.S. per square inch), 


S the number of turns in one coil of each phase of the 
winding, 
C, = ideal light load, or magnetising current in virtual amperes 
in each phase of the winding. 
then C, = 923 Pm. Ж 6: Bmax. X ё, 


5 
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Effect of the Iron Part of the Magnetic Сітсші on the Ideal Light-load 
Current.—The above equation will give values for the magnetising 
current which require to be increased from 40 per cent. to 80 per cent. 
in commercial motors, to allow for— 


I. The magnetic resistance of the iron path of the motor. 
2. The increase in the air-gap density, due to the decrease in the 
ait-gap area, caused by slot openings. 


The usual method of evaluating these is to estimate the lengths 4, and 
ё, of the equivalent air-gaps, which correspond to the above; thus ô = 
. the actual air-gap length 6, x by the magnetic resistance of the iron 
path — by the magnetic resistance of the actual air-gap ё,, and à, = air- 
gap length ?, x the area of the slot openings (allowing for fringing) — 
by the area of the whole pole face including the slot openings. 

Some writers on this subject estimate the magnetic resistance of the 
actual air-gap 4, alone, and afterwards add a certain percentage to 
allow for the resistance due to the iron part of the magnetic circuit. 

In doing this considerable care should be exercised in selecting the 
proper percentage, for it is conceivable to have two motors exactly 
similar in every respect, with the exception of the air-gap length, which 
might be twice as great in one motor as in the other. It is apparent 
that the percentage to be chosen in the case of the first motor should 
be only one-half that chosen in the case of the second motor. It is also 
to be noted that undue magnetic saturation of the tecth of the motor 
will greatly increase the value of this percentage. 

On the whole it is better, in calculating the magnetising currents of 
induction motors, to roughly estimate the values of the equivalent air- 
gap à, It is chiefly a function of the pole pitch, for the length of the 
iron path increases almost in direct proportion to the pole pitch, and 
in estimating the values which are given in curve, Fig. 8, maximum 
densities of 95,000 C.G.S. lines per square inch in the middle of the teeth, 
40,000 C.G.S. lines per square inch in the air-gap, and an average of 
60,000 C.G.S. lines per square inch in the stator and rotor iron have been 
assumed. 

Also the total (stator and rotor) tooth length has been assumed to 
vary from 2 in. at 5-in. pole pitch to 34 in. at 20-in. pole pitch. It 
may be argued that the above assumption with regard to the iron 
densities, etc., will lead to results entirely erroneous in some cases; 
but this is not so, for when the maximum air-gap density is smaller 
or larger than that assumed above, then in general the densities in the 
teeth and yokes will be less or greater than those assumed above, 
leaving the estimated result the same. If the densities in the iron parts 
of the magnetic circuit are still kept high, and the air-gap density 
reduced, the lengths of the iron paths will be reduced, which will also 
in this case tend to keep the above estimated result as before. 

By examining the values for the equivalent air-gaps for the iron 
parts of the magnetic circuits as given, Fig. 8, and, as already stated, 
estimated on the above assumptions, it will be seen that the effect ot 
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the resistance of the iron parts of the magnetic circuit of induction 
motors on thcir magnetising currents is much greater than has hitherto 
been assumed ; in fact, in some cases where the air-gap is unduly small, 
and the pole pitch large, the magnetic resistance of the iron parts of the 
magnetic circuit may be as great as the resistance of the air-gap itself. 

Effect of the Slot Openings on the Ideal Light-load Current.—With 
regard to the reduction of the arca of the pole face, due to slot 
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Iron Part of the Magnetic Circuit of Induction Motors as functions of the 
Pole Pitch. 


openings, it is assumed that the slot opening is constant, and it will 
be assumed that the number of slots per pole per phase is to be directly 
proportional to the pole pitch ; à, will in this case be a constant fraction 
of the actual air-gap ô. We will take it to be то per cent. of this, that 
is, 6,22 O'I ô,. 

Suggested Values for the Air-gaps of Induction Motors.—In order 
that the magnetising currents may be estimated for a whole series of 
machines, it now remains to suggest values for the actual air-gap 6, for 
any size of machine. It is well known that the only consideration 
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which influences the size of the air-gap in most cases is a mechanical 
one, and the curves, Fig. 9, give suggested air-gap values for machines 
as a function of their ағ values, and the authors consider that the values 
^ given by these curves represent good practice. 

Machines have been designed, and are working, with smaller air- 
gaps; but from a general manufacturing point of view the air-gap 
lengths should not be very diffcrent from those obtained from the curve. 
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If now А==д, + 6, + 6, then— 


% 0'2 А Bmax. 
с be ee 0) 


Calculation of the Ideal Shorl-circuit Currcnt.—The value of the ideal 
short-circuit current per phase of a polyphase motor can be most casily 
estimated by assuming certain valucs per ampere-turn per inch for the 
embedded and free lengths of the stator conductor. It has been pointed 
out by Hobart that the leakage per ampere-turn per inch of embedded 
length varies inversely as the pole pitch, and the authors of this paper 
have found this to be true, provided the number of slots per pole per 
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phase varies in direct proportion to the pole pitch (see Fig. 8). The 
total radial depth of stator and rotor slots, and the radial length of 
the air-gap, have also some influence on the value of the embedded 
leakage; but with ordinary commercial motors the variations of these 
dimensions do not affect the value of the leakage to any very serious 
extent. For, if such motors have wound rotors, it is usual to find the 
sum of the stator and rotor slot depths amounting to between 2 in. 
in small motors and 34 in. or more in large motors, the radial lengths 
of air-gaps varying from 0:02 in. in small motors to 0°07 in. or more in 
large motors, and these variations tend to eliminate one another so far 
as leakage is concerned. 

Neglecting the effects of these, it is possible to obtain an expression 
for the value of the ideal short-circuit current, which will be within 
5 per cent. of the actual average tested value for a large number of 
motors, and the tested value of the short-circuit current of a commercial 
motor (provided the slots per pole per phase are to curve, Fig. 8), 
will in no case differ from the calculated value by more than 10 
per cent. 

In order to simplify matters, it will be assumed that the motors under 
consideration have wound rotors and nearly closed slots, for the object 
is to compare the values of the leakage factor under different con- 
ditions rather than to estimate the actual values. 

From a large number of tests on such motors, the average value of 
the stator and rotor leakage per ampere-turn per inch of embedded 
length was found to be about 2:3 C.G.S. lines for 18 slots per pole and 
a 10-in. pitch, and the free length leakage was found to be about 
І C.G.S. line per ampere-turn per inch for machines with wound rotors. 
These values agree very closely with those given by Hobart recently. 

As the embedded leakage varies inversely as the pole pitch T, then 


for any value of the pole pitch it is equal to T C.G.S. lines, and the 
total value of the embedded leakage per ampere-turn for any length of 
machine and any pole pitch is— 


As the free length leakage is 1 C.G.S. line per ampere-turn per inch 
of length, if 1 is the average free length of the rotor and stator 
windings, then 2 x |, ХІ is the free length leakage in C.G.S. lines per 
ampere-turn for the machine ; but the average free length for the rotor 
and stator windings of an induction motor is approximately pro- 
portional to the pole (or coil) pitch T, and it may be taken at r'4 times 
the pole (or coil) pitch for wound rotors. Thus, the free length 
leakage per ampere-turn — 28 T C.G.S.lines. The total leakage per 
ampcre-turn for any motor is therefore equal to— 

Х, = (3° 5 |. 2-8 т) C.G.S. lines. (See Appendix III.) 


1908.) DYNAMO-ELECTRIC MACHINERY. 253 


S = number of turns рег coil, and 
п = number of coils per phase, 


then the total reactance per phase for both stator and rotor windings 
is— 

=2 (2r fS п №) x 107%. 
If E, =impressed E.M.F. per phase, then the ideal short-circuit current 
per phase is equal to— 


E, x ro? 
Csu = 4«/(S)nN, лы xp th Ж, 10) 


Replacing E, by 4444 fxSxnxN x 10? in equation mu and 
reducing— 


Csu = 93573 н db а so ELE) 
Leakage Factor.—By dividing equation (9) by (11), and reducing— 
_ С, LrosA(461 + 28 T?) ‚ (12) 
Cs У T? т . . . ° 


Best Ratio of Net Core Length to Pole Pilch.—l1t may be seen from 
equation (12) that “for any size of machine with a constant number of 
poles " (that is, for T?/ a constant) в is a minimum when— 


2:8 T? = 461, 


l T i 
T7 (564) Шы ы og 0) 
provided 4 also is constant. 
Given the number of poles, the lower curve, Fig. 10, shows the 


that is, when— 


values of qas a function of T calculated from equation (13), and it will 


be observed that for large values of the pole pitch, the ratio core 
length — pole pitch should be large, and for small values of the pole 
pitch this ratio should be small, to get the maximum power factor from 
a given 421 value. 

But it has already been observed that A, on account of à, is not 
constant for a given Т?/ value, but varies if the ratio of 7. varies, and 
this variation must therefore be considered when estimating the best 


ration. It is easy to see that the effect of this variation of 4 (when T 


varies), on the best value of the ratio of is large when the actual air 


gap 2, is small, and that it increases the best value of ld 


T already obtained 


from equation (13). 
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The upper curve, Fig. 10, has been plotted with the aid of equation 
(12), for an actual air-gap value 2, == 0'02 in., which may be considered the 
smallest practicable air-gap for any size of motor. The best value of 
core length — pole pitch for any pole pitch lies uearly on the upper 
curve, when the air-gap is small, and when the air-gap is large lies 
nearly on the lower curve. The intermediate curve has been drawn for 
a medium actual air-gap value à, = 0°04 in., and the values of а, /, in the 
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Fic. 10.—Ratio Iron Length L + Pole Pitch T as a Function of the 
Pole Pitch. 


diagrams, Fig. 11 and 11A, have been estimated from this curve as 
a basis. 
Relation between Maximum Power Faclor and Best Core Dimensions.— 
In the diagrams, Fig. іі and ттА:— 
Quadrant 4. If T is the independent variable, the values of / for 
known values of T are obtained from the intermediate curve, 
Fig. 10, and as— 
a= РЕ 
ud LI 
the values of d for selected numbers of poles, and for the 
known values of T, have been calculated and set down. 
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Quadrant 3. d and / аге already known, and the 47 values for 
known values of d and the selected numbers of poles have 
been calculated and set down. 

Quadrant 2. From known values of T and /, and calculated a?J 
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Fic. 11.—Relations between Maximum Power and Leakage LLL and Principal 
Core Dimensions for Induction Motors. 


values for the selected numbers of poles, the valucs of с set 
down in this quadrant have been calculated from the 
equation— 


__ 1'05 А (46 ] + 2:8 Т) 
SS Ay лү 


Quadrant І. For selected values of с the valucs for the maximum 


* 
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power factor set down in this quadrant have been calculated ' 
from the well-known relation— 
I — 0 

ORGS е 
The above diagrams, Figs. 11 and 11A, are extremely useful, for they 
show at a glance the maximum power factor that can be commercially 
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Fic. 11A.—Relations between Maximum Power апа Leakage Factors and Principal 
Core Dimensions for Induction Motors. 


obtained from any core volumes, provided the motor has a wound 
rotor and is designed with— 


(a) Anumber of slots per pole per phase as given by curve, Fig. 8. 

(b) An air-gap as given by curve, Fig. 9. 

(c) A ratio of core length to pole pitch nearly in accordance with 
curve, Fig. 1o. 

(d) Nearly closed slots. 
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A motor designed as above would be a good commercial motor, 
which could be adopted as a standard for comparing power factors, 
and the sizes of such motors for given outputs. 

Heating Limits and Suggestions for Increased Outputs.—Up to the 
present time, except іп the case of very small machines, induction: 
motors have not been designed with nearly so large an output per unit of 
d*l as given in quadrants, Figs. 1 and та, for direct-current machines. 
That this need not necessarily be the case, in so far as temperature rise 
is concerned, will be seen from the following argument. 

In direct-current machines it is usual to work with a maximum 
density at the root of the teeth of 135,000 C.G.S. lines per square inch, 
whereas with induction motors it is not advisable to work above a 
maximum density of 125,000 C.G.S. lines per square inch, and this, it 
will be observed, gives the direct-current machine an advantage of 
about 7 per cent. in magnetic intensity loading. 

The induction motor is also at a disadvantage because of the distri- 
bution of the flux along the air-gap, for although the ratio of the pole 
arc to the pole pitch is тоо per cent. in induction motors as against 
about 70 per cent. in direct-current interpole machines, the product of 


(2 х тоо per cent.) is less than (1 X 70 per cent.) by about 8 per cent. 


This gives the direct-current machine a total advantage of 15 per cent., 
but owing to the better distribution of the windings of the alternating- 
current machine it has an advantage of 11 per cent., which finally 
reduces the advantage of the direct-current machine to 4 per cent. It 
will therefore be sufficiently near to take the curves, quadrants 2, 
Figs. 1 and тА, of d?/ valucs for direct-current machines as the limit to 
the size of induction motors for any output, provided the size is not 
already limited by power-factor considerations. 

It is the authors’ opinion that in many cases, especially when the 
number of poles is small, it is possible to reduce the core size until 
the limit of output is that of temperature rise only, for, although this 
practice tends to slightly reduce the maximum value of the power 
factor that can be obtained, there are important advantages to Бе 
gained, viz. :— 


(a) An increase in the over-all efficiency of the motor. 

(6) An increase in the mechanical security, in that the peripheral 
speeds and span of the rotor coils are reduced to a mini- 
mum, and it will be possible to make the shafts and frames 
stiffer. 


The disadvantage, as already stated, is a reduction in the maximum 
power factor, but it will be observed from the diagrams, Figs. r1 апатта, 
that in some cases the core size can be reduced to about one-fifth 
without decreasing the power factor by much more than r per cent. 

As an example of the use of the above, consider the design of 
a 500-B.H.P. motor having a synchronous speed of 375 revs. on a 
25-42 Soo-volt supply. As the machine is a fairly large one, and 
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will have only 8 poles, we will assume that its core size is only 
limited by heating considerations, and that the product of the 
efficiency х power factor is approximately 85 per cent. 
The volt-ampere input per revolution = 1,170 volt-amperes. 
Quadrant 2, diagram Fig. 1a, gives approximately 20,000 as the 
dl value, corresponding to 1,170 volt-amperes input per revolution ; 
also diagram Fig. 11 gives for 8 poles a а7/ of 20,000. 


в = 0:037 
Maximum power factor cos ф = 003 

d = 36 1n. 

l= 15 in. 


If now the same output is required for a motor running at the same 
speed on a 50-0 supply, it will be wound for 16 poles. If we again 
limit the core size by temperature rise only, the maximum power factor 
will be considerably reduced. 

Diagram Fig. 11 gives for 16 poles and 20,000 d?l valuc— 


в = 0'07 
Maximum power factor cos ¢ = 0°87 

d = SI in. 

l= 7'5 in. 


Calculation of the Turns per Phase.— 


О О: zOA-O D (see Fig. 7), 


and— 
_ ОА 
= ов 
then— 
OD? =св О В? . 
or— 


С 
C. = —.. 

H Je 
But equation (10) gives— 


E, x 108 
Сун = ! 


4T/(SPn (f- + 2:8 т) 


from which, as Е, C, f, л, Т, 1, о are known, (S) сап be calculated. 
The value of the turns per phase so obtained will insure that the 
motor is working approximately with its maximum power factor on 
full load. 

Consideration of Fractional Pitch Windings.—lIn some cases it is 
convenient to use fractional pitch windings for induction motors, not 
that the use of such windings gives any advantage in increasing the 
output limit, but because in the case of high-speed motors, which 
usually have large pole pitches, the free ends of the winding become 
inconvenicntly long. This is objectionable, for a large amount of 
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room is required in the stator frame to accommodate the free ends 
of the stator winding, and also the rotor windings require to Бе very 
carefully supported mechanically. 

With 2-pole motors the authors consider that a fractional pitch of 
50 per cent. should be used in almost every case, as this is easily 
obtained by winding the motor for 4 poles and reversing one of the 
coils in cach phase. But this is almost the only case in which the use 
of the fractional pitch winding is advantageous. 

It has already been seen that the output to be obtained per unit of 
ағ, when limited by heating, is directly proportional to the ratio of 
pole arc to pole pitch. It is therefore to be observed that any reduc- 
tion in this ratio means a proportionate reduction in the output in this 
respect. 

In conclusion, it is to be noted that the leakage flux per ampere- 
turn is reduced almost in direct proportion to the reduction in the 
pitch of the winding, and in order to obtain the correct number of 
turns for any motor all that is necessary is to reduce the value N, in 
the equation (то). In all other respects the design of a motor with 
fractional pitch windings proceeds along exactly similar lines to those 
outlined above. 


PART III.—ALTERNATING-CURRENT MACHINERY. 


(ALTERNATORS.) 
List of Symbols. 


B = flux density in gap, C.G.S. lines per square inch (intensity 
of magnetic loading). 

C = current per phase (effective amperes), 

d = inside diameter of stator bore (inches). 

E, = terminal electromotive force (volts per phase). 

E, = total E.M.F. generated in one phase (volts). 

f = frequency of supply (cycles per second). 

VA = volt-amperes. 

K = slot permeance constant. 
l = net length of stator core without ventilating ducts (inches). 
l, = free length of one stator turn. 

N = total flux per pole crossing the air-gap (C.G.S. lines). 

N, = flux of self-induction per ampere-turn (C.G.S. lines). 

n = number of coils in series per phase. 

p = number of poles. 

q — electric loading intensity (ampere conductors per inch of 

periphery of stator). 
RPM = revolutions per minute. 

R, = resistance of external circuit (ohms per phase). 

r, = resistance of internal circuit (ohms per phase). 

S = number of turns per coil (stator winding). 


5, = number of slots per pole per phase. 
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T = pole (or coil) pitch (inches). 
X,+= reactance of external circuit (ohms per phase). 
x reactance of internal circuit (ohms per phase). 


I 


X = total clectric loading (ampere wires). 

Y = total magnetic loading (C.G.S. lines). 

Z = total conductors per phase round periphery of stator bore. 

ф = angle of lag of load current behind the terminal potential 
difference. 

у = Hopkinson leakage coefficient. 

0 = angle of lag of load current behind the total generated 
E.M.F. E, 

ұ = ratio of pole arc — pole pitch. 


Output Limit.—The output to be obtained from the armature of а 
synchronous alternating-current dynamo is not in any way limited by 
questions of temperature rise, but is entirely limited by the permissible 
value of the potential rise from full load to no load when working on 
the maximum inductive load. 

Calculation of Output Factor.—Before considering the diagram, 
Fig. 12, we will show—as for direct-current machines—how the rela- 
tion between the principal core dimensions and the output is to be 
obtained, thus— 

The E.M.F. generated in one phase of a 3-phase alternating-current 
machine— 

Е, = 2'22 fx Z x N = 10° 


—rurpx КЕМ урум лое & ou ue ма ЕЙ) 


on the assumption that the electromotive force is sinusoidal. 
Multiplying both sides of the last equation by 3С, that is, three 
times the current in each phase, and rearranging, we get— 


ba ic!” CI ue 7%.04 (15) 


that is, the relation between the total electric and magnetic ioadings, and 
the output per revolution per minute of any 3-phase alternating-current 
machine. Replacing in equation (15) the total electric and magnetic 
loading values by the corresponding intensity electric loading values, 
we get the Thompson equation for alternating-current machines, that 
is— 
I 608 x 107 volt-amps. 

P E TS xX -RPM a eee. ж LEO) 


Assuming, as before, the ratio of the pole arc to pole pitch is 70 per 
cent., then the equation (16) transformed to its most convenient form 
is— 


421 == 


B x q = 784 x ros о AMPS: a, be св ДЕЎ) 


and it will be noticed that the only difference between the formule for 
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alternating and direct-current machines is in the constant, which is 
smaller than for the direct-current machines. 
Output Limits (Average Modern Practice).—In diagram, Fig. 12— 


Quadrant 1 gives the relation between the output per revolution per 
minute and the product of the magnetic and electric loading 
intensities (B x д). 
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Fic. 12.—Relations between Output Factors and Armature Core Dimensions for Square 
Pole-face Alternators. (Average modern practice.) 


Quadrant 2 gives the relation between the output per revolution 
per minute and the size of the armature core (the d'I). 

Quadrant 3 gives the relation between the diameter of the arma- 
ture and the d?l value of the armature for various numbers of 
poles, on the assumption that the poles have square faces. 

Quadrant 4 gives the relation between the diameter and length of 
the machine for any number of poles and square pole faces. 
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Alfernating and Dirccl-current Machines Compared.—Bv comparing 
the corresponding direct and alternating-current diagrams, Figs. ТА 
and 12, it will be seen from quadrant 2 of these diagrams that for the 
same output alternators are approximately twice as large as direct- 
current machines. As already stated, the outputs of alternators are not 
in any way limited by questions of temperature rise, but аге entirely 
limited by the permissible value of potential rise from full load to no 
load when the maximum inductive-load is thrown off. It is well known 
that this rise depends chiefly on the ratio of the ficld ampere-turns per 
pole to the effective armature ampere-turns per pole, which is usually 
about 4 to гш modern machines. 

The chief difficulty in obtaining small sizes for alternators of the 
stationary armature type does not therefore lie with the armature, for 
in designing such machines it is not a question of storing the greatest 
numbcr of ampere-turns round the periphery, or of obtaining the 
largest value of the flux through the core teeth, but it is a question of 
storing sufficient field copper on the alternator poles. This is due to 
the fact that the ratio of field ampere-turns to armature ampere-turns 
has to be very grcat, as already stated, to prevent the rise in potential 
exceeding the permissible value. | 

It will be scen from equation (17) that if it were possible to get over 
this question of potential rise, alternators might be designed to give 
сусп a greater output рег dl than equivalent direct-current machines. 

In quadrant 2, diagram Fig. 12, is reproduced the curve given in 
quadrant 2, diagram Fig. тА, to the same scale, and these curves show 
at a glance the relative sizes of alternating and direct-current generators 
for a given output. 

Take, for example, the case of a 250-kilovolt-ampere alternator at 
375 revs. per minute. It will be noted from the curve that the 
421 for the output 15 20,000, and that the 41 for the equivalent 
direct-current output is 11,000. If considerations of potential rise 
were neglected the d*/ value for this alternator could be reduced to 


I "D | eae 
11,000 X =, as the winding is more effectively distributed than 


in a direct-current machine. Again, if this assumption were made, 
it would be possible not onlv to design an alternator for an output 
of 250 k.v.a. at 375 revs., with, say, a core size of about 10,000 
d^] but the ratio of the total electric to the total magnetic loading 
could be so chosen that the minimum weight, cost of material, and 
maximum efficiency were assured. 

Possible Economy in Cost, if Consideration of Polential Rise could 
be Eliminated.—On these lines the authors have estimated the cost of 
the active material in a standard 250-k.v.a. alternator with a ratio of 


Y : 
$ = 1,200, and also in the assumed case of а 250-k.v.a. alternator with 


a ratio of ` of 300. The cost of the active material for the standard 


machine was found to be nearly twice that of the minimum cost machine. 
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The question of potential rise is therefore all-important, апа it 
behoves us to show in a simple manner how its value can be approxi- 
mately estimated. ` 

Calculation of Potential Rise.—This is best done by considering that 
the whole electric circuit consists of two parts, that is— 


(A) An external part, consisting of the feeder and network, and 
having a resistance = К, ohms, апа a reactance = X, ohms 
per phase. 

(B) An internal part, consisting of one phase of the alternator 
winding, having a resistance =r, ohms, and a reactance 
= x, ohms. 


The total resistance of the circuit is = (К, + п), and the total 
reactance of the circuit is = (X, + x). 
The total impedance of the circuit is— 


Ке REL Qn) XXIII 


where E, is the total E.M.F. generated in one phase of the alternator 
winding, and C is the load current delivered to the network. 

If E, is the terminal potential difference per phase, and $ is the 
angle of lag of the current behind E, in the external circuit, then cos $ 
is the power factor, and therefore— 


R= re COS $. 
Х,= С sin 9. 


` 
The value of r,, the armature resistance per phase, can be obtained 
from the dimensions of the armature conductor, and in order to estimate 
E, it only remains to find the value of x, the armature reactance per 
phase. This depends on the value of the leakage flux that links each 
coil, and this can be approximately estimated as follows, namely :— 
If K is the permeance of cach slot, then— 


K = S us 


56th (see Fig. 13). 


A 


If there are S, slots per pole per phase, then the permeance — =" 
Also, the leakage flux per ampere-turn per inch = & X 310. If /" is 


the core length without ducts, then the embedded leakage per 
ampere-turn— 


= X 319 x 2l 
icc 0x2 
K T 
ao х 6°37 x і", 
VoL, 42 18 


\ 
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For the free length leakage it is sufficient to assume a value of one 
line per ampere-turn per inch, 

If 1,” is the free length of one turn, then / = free length leakage, 
C.G.S. lines per turn. 

If T is the coil pitch of the machine, it is sufficiently near to assume 
that /, = 35 T, to allow for ventilating ducts, etc. 


қ.” 


NN 


ИР 


Fic. 13.—Section of Alternator Pole. 
/ 
The total leakage рег ampere-turn is therefore— 
K 
N, = 6°37 3 1+ 3:5 T. 


If $ = number of turns in each coil of the stator winding, and п = 
number of coils in series per phase, then the total reactance per phase is— 


a arf X S* X n(N,) 
d 10* ы 


The actual value of E, can now be obtained from equation (18), but 
this is not nearly so important as the phase angle 0 between E, and the 
load current C, as on this depends the value of the armature M.M.F., 
which acts in opposition to the field M.M.F. The value of this angle is 
as follows— 

Х, + х, 


бап” 9 = К; ER > 


and the opposition M.M.F. of the armature is equal to S x C x sin 9, 
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and this is equivalent to S x C x sin@ X » ampere-turns on each field- 
pole, where » is the Hopkinson leakage coefficient. 

It is now easy to estimate what will be the potential rise at the 
terminals when full load is thrown off. From the no-load characteristic 
of the machine the value of the field ampere-turns required to generate 
the armature E. M.F. per phase (E,) should be found and added to the 
ampere-turns obtained from the expression S x C x sin0». This value 
when applied to the no-load characteristic will give the potential 
difference at the terminals of the machine when the load is thrown off. 

Test of Accuracy of Method.—To test the accuracy of this method 
of estimating the potential rise, careful tests were made on several 
alternators, the results of which are given in Table I. where 
column (C) shows the discrepancy between the actual and observed 
values in percentages. 


TABLE I. 
" | 90 
| ctu ise 
Core Size. .М.А. к in Volts Calculated 
d Full Load to Rise in Volts. 
No Load. 


—Á——— —— | |А |. —————————————— |————ÀM ARM ÀM€—— — ——— 


Inches. Per Cent. Per Cent. Per Cent. 
36 x 12 о85 22 18 4 low 


26 х 15% 0°57 26 26 correct 
36 x 22 _ 0°80 15 17 2 high 


In estimating the value given in column (В), the Hopkinson 
coefficient was taken as 1°35, as the authors have found that values 
between 1°3 and 1:4 give very good results in estimating the rise by 
the above methods. 

Suggestions for Increased Oulputs for a given Core Size.—It is difficult 
to see where improvements with regard to reducing the size and cost 
of alternators for a given output can be made, for although many 
attempts have been made to get a satisfactory compounding device, 
none of these has been very successful up to the present time ; one of 
the reasons being that most of these devices have been fitted to the 
exciter, with the result that the alteration to the field excitation lagged 
behind the change of load ; therefore it is probable that compounding 
devices which are not directly applied to the alternator will never 
be entirely successful. The authors suggest that the old method of 
saturating a part of the iron section of the magnetic circuit might be 
made to give good results by careful design. Thus in Fig. 13 is shown 
the section of a pole which is considerably reduced by the screw hole 
extended. The iron part of the pole above the tip of the screw 
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becomes highly saturated, and this has the effect of flattening out 
the no-load characteristic, as seen from Fig. 14. 

In order to obtain the best results the ratio of the reluctance of the 
iron part of the magnetic circuit to that of the air-gap should be very 
high, which means that the magnetic resistance of the air-gap should 
be low. This can only be done by reducing the air-gap density to the 
lowest possible value, preferably by increasing the pole-face area, using 
semi-enclosed slots, and by reducing the length of the air-gap to а 


500 


100 


1000 2000 3000 4000 5000 7000 8000 9000 


Ampere turns per pole. 


Ес. 14.—No-load Characteristic for Alternators. 


minimum. If the pole is over-saturated, so that the requisite E.M.F. 
cannot be obtained on full load, the length of the saturated part of 
the pole can be reduced by screwing the holding-on bolts further into 
the pole. Comparative designs of two alternators of the same output 
are given below. 

No. I is an ordinary commercial alternator, and No. 2 is an alter- 
nator designed оп the lines just suggested, having а d?l value of about 
one-half that of the first alternator. 

The no-load characteristic of No.1 alternator is curve т, Fig. 14, 
and for No. 2 alternator is curve 2, Fig, 14. | 
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Table II. gives the core dimensions, the air-gaps, the potential 
difference as estimated by the above method on non-inductive and 
inductive loads, and also the ratio of the field ampere-turns per pole 
to the armature ampere-turns per pole in both cases. 

Also curves, Fig. 15, give for an 0°8 power-factor circuit :— 

No. 1. The potential difference at the terminals of alternator No. 1 
as a function of the load-current per phase. 

No. 2. The potential difterence at the terminals of alternator No. 2 
as a function of the load current per phase on the assumption that 


TABLE II. 
| No. I Хо. 2 
| Alternator. Alternator. 
Core dimensions (gross)  ... "T | 36 in. X 22 in. | 36 in. X IT in. 
Air-gap eee eee eee езе 3 in. | in. 


Potential rise, full load to no load, 


оп 0:8 power factor a I5 per cent. I3 per cent. 


Potential rise, full load to no load, ^ 
on unity power factor | 4 » 5 » 
Ratio of field ampere-turns to arma- | | | - 
ture amperc-turns per pole | 37 


a a д. 


there is no pole saturation, that is, that the no-load characteristic does 
not bend. 

No. 3. The potential difference at the terminals of alternator No. 2 
as a function of the load current on the assumption that the pole 
is highly saturated, that is, that the characteristic is the same as that 
given in curve 2, Fig. 14. 


APPENDIX I. 


For constant current density in the copper and constant induction 
density at the tooth root, the value of the product B x q is evidently 
proportional to the net copper width in the slot x width of the tooth 
root for any depth of slot, that is— 

Bqoc2y 


where y and 2 are measured from the middle of the width of the slot 
insulation (sec Fig. 16). Also as the slot pitch / is constant, then— 


y + z = constant. 
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Therefore— 
B х досу (constant — у).1 


By differentiating, equating to zero, and reducing, it will be found that 
the product B x q is a maximum when— 


y ==, 


2,200 

mt 

= 
-N 


Curve (2) fon Alternator N° II 
or straight no load Characteristic 
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Fic. 15.—Terminal Volts as a Function of the Current on a 0°8 Power-factor Circuit. 


Terminal volts 
= 
o > Ы 
© © о 
© © & 
load current 


that is, when the copper width is equal to the width of the root of the 
tooth. Further, when this condition exists, that is, when y = 2 


a= . (see Fig. 16). 


TESI dx) 
>= 465 | 


But for constant copper and iron densities the product— 


Therefore— 


B x досхуг2. 
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Therefore— 
к=) 
B x q œ аста 
By differentiating with regard to x, equating to zero, and reducing, 
it will be found that the product В x q is a maximum when— 
„=i 
=. 
That is, where the ‘slot depth is (approximately) one-sixth of the 
armature diameter. 


APPENDIX II. 


If a — a constant, depending on the market price of the 
material in electric circuit, 

then aX = the cost of this material on the assumption that the cost 
is directly proportional to the total electric loading. 

If b — a constant, depending on the market price of the 
material in the magnetic circuit, 

then b Y = the cost of this material on the assumption that the cost 
is proportional to the total magnetic loading. 


If K is the total cost of active material on the machine, then— 
KzaxXx-rbY 

Also, for constant output, equation (2) shows that— 
X Y = constant. 


By replacing Y in terms of X in the above equation, and differenti- 
ating with regard to X, and reducing, it will be found that K is a 
minimum when aX-zbY. That is, when the cost of the active 
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material in the electric circuit is equal to the cost of the active material 
in the magnetic circuit. 

Although the rule given above has been obtained from assuming 
conditions which can only be approximately correct, nevertheless this 
rule is found in practice to be correct for nearly all conditions of 
design. 


APPENDIX III. 


The embedded leakage per ampere-turn for a motor with a wound 
rotor and having— 


I. Nearly closed slots, 
2. The number of slots per pole per phase the same as given in 
the curve, Fig. 8, 


ani 
was T , 


апа for any slot opening it may be taken as— 
с ЖЕЕ. 


1 Г Xx 


where x in this case represents the ratio of the slot opening to the slot 
width. If the motor has a number of slots per pole per phase which is 
greatly different from that given in the curve, Fig. 8, the value of the 
embedded leakage will also be considerably different from that found 
in the above expression. This is due to an alteration in the zig-zag 
leakage, which varies approximately inversely as the square of the 
departure from the curve value. For nearly closed slots a reduction in 
the number of slots per pole per phase to one-half shown in the curve, 
Fig. 8, means an increase of about тоо per cent. in the total embedded 
leakage, as found from the above expression. For slots per pole per 
phase of about 75 per cent. of that shown in the curve means an 
increase of about 30 per cent. ir the embedded leakage. 

Conversely, if the slots per pole per phase are increased 50 per 
cent. beyond the corresponding value shown in the curve, Fig. 8, the 
total embedded leakage will be decreased about 25 per cent. 

With regard to the coil end leakage, this was found to be 2:8 T for 
3-phase motors with wound rotors, assuming that these motors are 
wound with one-half as many coils per phase as poles. 

If a polyphase motor is wound with as many coils per phase as poles 
with a full-pitch winding, the end leakage must be reduced to one-half 
the value given above. Also, if a motor having half as many stator 
coils per phase as poles has a squirrel-cage winding the end leakage 
should be reduced to 2'2 T. 

Of course it is obvious that the question of the end leakage depends 
entirely on how the coil ends are arranged. 

Finally, by making corrections of the kind outlined above, it is 
possible to estimate the value of the short-circuit current for any motor 
within 10 per cent. 
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DISCUSSION, 


Colonel К. E. В. Crompton, С.В. : I am somewhat diffident of my 
power adequately to discuss a paper such as this, but perhaps in some 
respects it is fit that I should make a few practical remarks. Perhaps 
the members will bear with me if I give a little history. Many years ago a 
happy conjunction brought Dr. Kapp, who is here to-night, and myself 
together very much into the same relationship as Mr. Burge and Mr. 
Macfarlane, the one being the mechanic and the other the electrician. 
But we worked together in those early days—I suppose it is twenty- 
six or twenty-seven years ago—and we stumbled along the path that 
is now so well marked out by the long course of papers read at 
this Institution. It would interest younger men if they could put them- 
selves in the place of Kapp and myself when we first conceived the idea 
that the armature core that is spoken of here was a leading factor on 
which the output of our machines depended. At that time it was con- 
sidered a sort of adjunct of little or no importance. There are those in 
this room who can recollect the Gramme machine with its few turns of 
iron wire as a core, covered with a sort of pudding of winding surround- 
ing it—the winding only was considered {пе matter of real importance, 
the core itself being considered as a support for that winding. The 
fact that it was made of magnetic material was considered of quite 
secondary importance. Iam reminded by a gentleman that sometimes 
it consisted very largely of paint and red lead. I well remember in 
those days going to Lord Kelvin, and asking him if there was a law 
which governed the production of magnetic motive force as well as of 
clectromotive force produced in the dynamo, and after a few days 
there came to me the qoo атро ши as the formula on which we 

twice the air-gap 
were to work. That was twenty-seven years ago. Consider what has 
since been done, and how much the industry has owed to the publishing 
by this Institution of papers of this class, which become increasingly 
valuable, and at the same time increasingly dry to a large number of 
the audience, for the reason that they are intensely interesting only to 
those to whom they are the necessity of their lives. The men who have 
to earn salaries, as designers, must have behind them this class of 
knowledge. The authors of the paper, I am delighted to see, are using 
quadrant diagrams. I do not know who invented them, but I can say, 
as one who has had to use them for dealings with electric station costs, 
that they put a valuable tool into our hands eight orten years ago. We 
hardly know how much time we have saved by the use of that form of 
diagram, and the ready way it has enabled us to solve a number of 
problems. ‘The only thing further I wish to say is that this paper is one 
that I am proud to see in our Proceedings, because it can never be 
urged as a reproach against English engineers that they are rule-of- 
thumb engineers. Here we have laid down the main features of con- 
struction of a most difficult machine—the dynamo. Any man can make 
a dynamo, as long as we do not mind how much it costs and how badly 
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it behaves ; but we are forced, in the severe competition of the modern 
commercial world, to produce from the smallest quantity of material, 
with the smallest amount of labour and at the lowest possible cost, an 
electric generating machine or a motor which must be free from all 
fault, so that dividends can be produced from the sale thereof. These 
matters have to be learned, not from experience in one works only, but 
from the reading of what every one else has done and published, supple- 
mented by the accurate recording of experimental work actually 
witnessed. І сап certify to the accuracy and to the value of the authors’ 
labours as actually carried out, and although I am not as competent as 
many here to criticise the paper theoretically, I know that the practical 
results are second to none. 

Mr. C. C. HAWKINS: By way of comment on this very interesting 
paper, and not by way of criticism of it, I should like to enter a plea 
for some more definite terminology in connection with its subject. 
As is well known, revolutions per minute being an angular velocity, the 
quotient of the watts of output divided by the angular velocity gives 
the torque, and -this may be regarded as the specific torque of the 
machine. It is that which the producer buys, and it is that which 
the manufacturer has to design the machine to give. The speed is, so 
to speak, somewhat of a secondary matter, as the cost of the machine 
depends upon this particular torque. The quotient of the specific 
torque divided by the d?l, I suggest, should be called the “ dimen- 
sional torque." It is that torque which can be obtained from every 
cubic inch of the d7/—not, it should be noted, of the true volume of 
the armature. It is the dimensional torque which appears in equa- 
tion (4) as В х q 870 x 106. The reciprocal I suggest should have 
the name “ size constant " ; this is the quantity which appears іп the 
bracket of equation (3), and is there called the “ output factor." It has 
been given many names, but the word “ factor " is now almost over- 
worked. 

Fig. та shows the flat curve of the product В д for large machines, 
and I agree with the authors that for large machines it does become 
practically flat. When В 4 is expressed in terms of lines in the air-gap 
per square centimetre instead of per square inch and the ampere-wires 
per inch of armature periphery—a combination of units that is not 
infrequently used—the quantity comes to about 81 millions. It may 
then be conveniently divided in the mind into B = 9,000 C.G.S. lines 
per square centimetre, and q — 9oo ampere-wires per inch of armature 
periphery, which forms a convenient memoria-technica. This is the 
value for average modern practice. The higher results obtained and 
shown by the dotted line in Fig. 14, quadrant 2, give a value for the 
product of ro millions, which would be obtained by В = 10,000 and 
q == 1,000. Or perhaps the value of q would be 1,100 and B propor- 
tionally lower. I should like to ask the authors what division of the 
quantity they had in their minds. The authors do not appear to have 
sufficiently emphasised the influence of the voltage. It has not so 
much effect with large machines, but it has great influence in small 
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machines for high voltage. There is no real reason why a small 
machine should not give as great a torque per cubic inch of d"/ as a 
large one, except for certain indirect causes, and this is taken into 
account by the curve bending downwards fairly rapidly for small 
machines. But even aíter taking that into account there is a very 
great difference between small machines which have to give, say, 
500 volts and those which have to give only 100, and it lies in the 
space factor of the slots. This. is mentioned by the authors, but rather in 
connection with the number of slots than with the number of wires inside 
them and their insulation. I do not quite follow why the authors lay 
considerable emphasis on a square ole-face. I take it that the desire 
is to have a square pole as an economical section to receive the mag- 
netising coils, and when this has been obtained there should be a 
reasonable amount of overhang in each direction along the edges, but 
it is not very necessary that the pole-face should itself be square. This 
causes one to question the statement on page 237, that the net length 
of the armature core should be equal to the pole arc. Fig. 3 seems to 
show the importance of choosing the right values of Y and X, especially 
in large machines. The curve for the small machines is comparatively 
flat, but I do not know whether this is more apparent than real. It 
would depend a good deal upon the actual percentages, and perhaps 
the authors will throw some further light on this point. 

Turning to alternators, I do not think that at present curves can be 
given which have nearly the same validity as for continuous-current 
machines. Probably in the course of time such curves will be estab- 
lished, but many secondary conditions also come in to affect the values. 
Apart from the power factor, which is to some extent taken into account 
by using kilovolt-amperes instead of kilowatts, there are also the ques- 
tions of the frequency and of the required flywheel effect, both of 
which must be taken into account in calculating the best or smallest 
size of machine. Asa general rule the poles have to be put inside the 
armature, and this has the effect of making the influence of the diameter 
preponderate more than it does in continuous-current machines. In 
the construction proposed by the authors for highly saturating the pole 
of an alternator, the only advantage over a pole with the same area of 
iron, but without the screw, appears to be in the adjustability of the 
screw. "The saturation of the pole is the recognised method of pro- 
ducing a small rise, but I take it that the authors advocate the construc- 
tion in order to eliminate anv trouble from not being able to count 
with certainty on the magnetic quality of the steel or iron. I would 
suggest that in order to get over the difficulty of making a machine to 
have a small rise of potential, which is very aptly expressed by the 
authors as the difficulty of storing field copper on the machine, the 
cheapest device is the employment of a Tirrill regulator. It has been 
often proposed, and it remains a practical solution for saving money 
in the cost of alternators. 

In conclusion, perhaps I may venture on one criticism of the 
authors' method for calculating the rise of potential in the alternator. 
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number of the order of 1,000. In any dynamo, small or large, its 
magnetic loading was chosen at about 1,000 times that of its electric 
loading. The reason for this choice being that by the dint of trial and 
error, success and failure, and gradually choosing the best and eliminat- 
ing the worst, engineers had found that machines would give satis- 
faction, as to running without sparking and not overheating, only if 


they made the magnetic loading very great numerically as compared . 


with the electric loading. And three years ago I took the figure as 
1,000. In January last Dr. Goldschmidt assumed 8оо as the ratio, and 
to-night we are invited to contemplate machines in which the ratio of 
the loading is somewhere between 250 and 330, which means that 
armatures are now to be made relatively to the field-magnets three 
times as powerful as they used to be. We are giving more work to the 
copper relatively than to the iron, and that clearly could not possibly 
be tolerated but for the intervention of the auxiliary pole, or by com- 
pensating for the cross magnetising reaction. I take it that Fig. 3, 
which shows the minimum cost at about a ratio of 300 between Y and 
X, can only refer to machines that are so made with auxiliary poles, 
which, I take it, were not contemplated by Dr. Goldschmidt in January, 
and certainly were not contemplated in the figures I brought forward 
three years ago. So that it is clear that the immediate effect on 
practice of the introduction of the auxiliary pole has been to enable 
us to make smaller machines. It looks at first sight as though they 
would cost more if they were to work with more copper, as that metal 
is more costly relatively to iron, which is comparatively cheap. But 
it is not so, because you use a much less weight of copper, even now, 
than you Яо of топ. The new rule that the total cost of the copper 
and the iron in the active parts should be made equal, I think will have 
to be taken with certain modifications, because other considerations 
come in, such as standardisation of sizes, and so forth, which would 
somewhat upset the calculations upon a basis of absolute equality. In 
the paper before us, not only have we got this amended ratio of the 
loadings, but we have a number of most valuable further pieces of 
information, contained particularly in these various quadrant diagrams, 
which certainly save us a great deal of trouble. I wish to ask the 
authors whether they are justified in the assumption that the cost of 
the material in each of the parts—the electric and magnetic parts— 
is really proportional to the total electric and magnetic loadings; or 
whether that is only approximate, and what governs it. I also want 
to ask them a question concerning this ratio of X to Y. Do they find, 
when they examine standard lines of modern machines, any difference 
for machines of the same size that are intended to be used as generators 
from those that are intended to be used as motors? Does practice 
dictate that the armature of motors shall be more powerful relatively 
to the field magnets than is the case for gerferators? There was a 
certain heresy started in this room a quarter of a century ago to the 
effect that the motors ought to have more powerful armatures in pro- 
portion to their field magnets. Now that we have means of comparing 
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it in plain numerical terms of Y and X, I want to know what is the 
actual fact in practice. Of course one must leave out of the case extra- 
ordinary machines. It would not do to take slow-speed continuous- 
current machines, such as the exciters mounted on the end of 
alternators, because they are not standard ; neither would it do to take 
variable-speed motors in which the variation is made by altering 
the excitation. They would not afford a fair comparison. But in 
standard machines, is the ratio between Y and X for a given size and 
speed any different for the machine that is used for a motor from what 
it is in the machine to be used for a generator? There are a large 
number of intensely interesting and valuable points in the paper, and 
I am only sorry that one cannot go into them at any length. Asa 
result of examining the core losses, the authors give on page 242 a new 
function—the frequency raised to the power of 1°3. Assuming that to 
be true, it is a most valuable rule with regard to the value of core 
losses, and it ought to be a great help in calculating that somewhat 
difficult matter with some degree of precision. Then passing on to the 
part of the paper that relates to induction motors, I want to express 
a doubt as to the generality of a certain proposition which is attributed - 
in the paper, I think correctly, to Mr. Hobart, that “the leakage per 
ampere-turn per inch of embedded length varies inversely as the pole 
pitch," and the authors of this paper have found this to be true, provided 
the number of slots per pole per phase varies in direct proportion to 
the pole pitch. I have no doubt whatever it was true in the particular 
case Mr. Hobart had in mind ; it may be true in the case the authors 
have in mind, but clearly it cannot be true if the number of slots per 
pole per phase is constant. Also about the bottom of page 251 a formula 
is given for calculating the magnetising current where S comes into 
the denominator. S is described as turns per coil. What does that 
mean? Does that mean turns per one coil that goes into a slot, or does 
it mean all the turns in all the slots belonging to one phase per pole? 
I think it must mean the last. 

With respect to the proposition for obtaining alternators with a flat 
curve by putting a big air-space into the middle of the pole where a 
screw could be introduced more or less, I must confess myself not 
convinced. It is not many months ago that we had a little discussion 
on that very point in this rooin, and Mr. Miles Walker then gave what 
seemed to me conclusive reasons for preferring the machine in which 
the flattening of the curve is obtained in another way, and where the 
air-gap is made comparatively wide. Lastly, I want to ask whether 
the rule that is given for making the width of copper in the slot the 
same width as the root of the tooth does not cease to be true when you 
get to the very large sizes of machines where the sides of the tooth are 
nearly parallel. It is only clearly for small sizes of machines that the 
root of the tooth is so very much smaller than the crown of it, and it 
seems to me when you get to very large sizes that that rule will not 
hold good. One thing the authors lay considerable stress on is the 
calculation of the pre-determination of the power-factor in induction 
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motors and the leakage factor upon which the power-factor depends, 
In connection with that there is a point to which attention should be 
drawn ; it does not seem to be generally known. Everybody knows 
that there is a difference in the amount of self-induction of the end- 
bends on stators and on rotors, according to whether those end-bends 
turn up near the iron or stand out straight. If they stand out straight 
there is less self-induction than if they are bent up near the iron. That 
is very well known, but I do not think it has ever been observed that if 
you can make the end-bends all straight out instead of tilting any of 
them up (as can be done by adopting a drum-winding), not only have 
you got the advantage of the straight-out form having less self-induc- 
tion, but you have something more which is very valuable. You begin 
to get the advantage of mutual induction between the end-bends of the 
rotor and those of the stator ; and the mutual induction actually reduces 
the value of the self-induction in either coil separately. We know it is 
an advantage in the machine itself to bring the windings on the stator 
and the windings on the rotor as close together as possible, narrowing 
the àir-gap in order that the mutual induction of that part may be a 
maximum ; and the same is true of end-bends, their proximity con- 
tributing to the mutual induction which helps them to run, and lessen- 
ing the self-induction which adds to the leakage and lowers the 
power-factor. 

Mr. GERALD STONEY: The paper puts the problems to be dealt with 
very clearly before the Institution. Colonel Crompton remarked on 
the difficulties of early days. I remember in 1880 ѕееіпр a shunt-wound 
dynamo for working an arc lamp made, I think, by Messrs. Siemens, 
and this machine was provided with a solid iron armature. Iremember 
being present at the discussion between two Fellows of the Royal 
Society as to the reason of this solid armature heating, and the con- 
clusion eventually come to was that though they could not explain why 
it heated, the best way would be to drilla hole through the spindle and 
pass water through, and this was actually done. It is hard to realise at 
this time that such things as eddy currents and hysteresis were practi- 
cally unknown. Also when Mr. Parsons started his first high-speed 
turbo-dynamo, running at about 18,000 revs. per minute, it was very 
problematical whether the magnetism would be able to follow round 
the core fast enough. The late Professor George Fitzgerald expressed 
the opinion that it probably would, and of course every one knows that 
when Mr. Parsons tried it there was no trouble. 

In regard to direct-current machinery, as the authors mention, the 
outputs have been immensely increased by the use of interpoles and 
compensating winding. For turbo-dynamos, in which I am specially 
interested, either a pure compensating winding or a compensating 
winding combined with interpoles has proved most satisfactory. 
Interpoles alone are not satisfactory as a rule, owing partly to the lag 
in the magnetism at sudden change of load, causing flashing over, and 
on the whole, in my experience, pure compensating winding without 
interpoles is most satisfactory, and I may say that the use of such 
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devices has enabled the output of a given armature to be increased by 
about three times, and that without any shifting of the brushes, as was 
formerly necessary. 

The authors, in their suggested means for improving the output and 
economy limits, say they do not consider improvements in the active 
material used in the construction of the armature and improvements in 
the ventilation. Now improvements in the active materials have done 
almost more for the designer than anything else. Steel castings are 
now easily obtained of high permeability instead of cast iron used in 
the old davs, and the armature material has something like quarter the 
hysteresis that it had twenty years ago, and by using the new material 
e stalloy " with which our President, Mr. Mordey, has been so much 
identified, the losses can be again somewhere about halved. Ventilation 
also is most important, as it is by means of ventilation that the heat is 
carried off, and generally the problem that the designer has to tackle 
is for the minimum price in the minimum space to put the maximum 
of iron, copper, insulation, and ventilation, and it is only by a satisfactory 
compromise that the best results can be obtained. 

Again, іп Fig. 4 they give the losses in an armature, and this diagram 
would be of much more value if the authors, in replying to the discus- 
sion, would give the size and other particulars of the core experi- 
mented on. 

In alternating-current machinery the authors say that the output 
from the armature of a synchronous alternating-current dynamo is not 
in any way limited by questions of temperature rise, and that it is only 
limited by the regulation. Ionly wish that this were true, as in my 
experience temperature rise is quite as important, or even more so, 
than regulation, and I beiieve I am right in saying that many more 
machines have failed to work satisfactorily due to excessive temperature 
rise than to bad regulation. But, as the authors say further on, by 
better designing it is possible to get over the heating question while 
the question of regulation remains, and in this regard one speaker has 
suggested the Tirrill regulator for improving the regulation. This, 
of course, has the difficulty that it has moving contacts, and I would 
wish to draw attention again to the form of regulator devised bv Mr. 
Parsons and Mr. Law, which is described in the paper by Mr. Law and 
myself, recently read before this Institution,* in which such moving 
contacts are entirely avoided, and I may say that the results with this 
regulator in practice have been most satisfactory, the lag when the load 
is suddenly thrown on iproving quite imperceptible and very much 
shorter than that due to the governor. 

The authors suggest for increasing the output of a given alternator 
to use high saturation in various parts. This, I am afraid, is a rather 
dangerous game. If there is the smallest error іп the calculations ог if 
the quality of the material it not quite as good as expected, serious diff- 
culties are met with, and in some cases the machine may fail to give its 
rated voltage. Also, on inductive load, the increase of exciting may be 

* Sfournal of the Institution of Electrical Engineers, vol. 41, p. 280, 1908, 
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excessive—so much so, that if the power factor is not as good as is 
expected, the machine may fail to give the voltage required. Saturation 
is very tempting, but is a dangerous thing in most cases. 

Mr. MILES WALKER: The quadrant diagrams, Figs. 11 and IIA, are 
very clever generalisations of the performance of induction motors 
of different sizes. Апу one who has worked on a line of electrical 
machines and tried to obtain general expressions for the dimensions 
and performance for any machine on the whole line knows how aifficult 
it is to fix or co-relate the many variables, such as length, diameter, and 
number of poles, and obtain law and order out of the infinite choice of 
possibilities that seems to open out. It is, of course, necessary to fix 
some of the possible variables and co-relate others before any headway 
can be made, and the way in which this has been done by the authors 
is very interesting. We must not, however, be driven to the conclusion 
that the relation between length of iron and pole pitch given in Fig. 10 
is necessarily the best. Fig. то is deduced from equations (12) and (13) 
on the assumption that the motor is designed to give the minimum о. 
Now it is not sufficient when arranging a line of machines to take the 
minimum or maximum value of any particular function under considera- 
tion. ' It is necessary to see how quickly the minimum or the maximum 
value changes with the change of the other variable. We ought to 
consider in this case at what rate o alters when we change the ratio 
between length and pole pitch. Even taking for granted the constants 
given in equation (12), we find that we can alter the relation between / 
and T between very wide limits and yet only make a very small per- 


centage change in the value of о. For instance, Fig. 10 gives T = 0'62 
for T2 1o. This gives the minimum value of ø according to equation 
(13), but even if we take А = г for T = 8:4 (T?/ remaining constant) we 


1 
find from the authors’ formulz that e is only increased 4 per cent., 


though we have increased the value of | by тоо per cent. over the value 


given in Fig. 10. It is therefore clear that there are much more 
important questions, such as cost of material and cost of labour, con- 
trolling the choice of the valuc of M than the making of о a theorctical 
minimum. Moreover, when we remember that the figure T C.G.S. 


lines per inch for the embedded leakage per ampere-turn is only an 
approximate figure and capable of variation over a range of 50 per cent. 
either way, and that the constant 1 C.G.S. line per inch of end con- 
nector is also capable of considerable variation by making barrel- 
windings with a short-chord pitch of coils, we see that equation (12) is 
far from being a true guide to the best dimensions of the motor or to 
the value of в which can be obtained іп a commercial motor. Indeed, 
the values obtained from Fig. 11 show its defects in thisrespect. Take, 
for instance, the figures for the 500-B.H.P. motor of 50 ^w running at 
Vo. 42. 19 
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375 revs. per minute. This may Бе a commercial motor to build, for it 
certainly is of very small dimensions, but would its performance render 
it a commercial motor to sell? The purchaser would expect a higher 
power factor than 0:87 on a 500-H.P. motor even with 16 poles. By 
using a bigger frame one can get nearer to 9o per cent. power factor 
and at the same time have less chance of temperature troubles and 
pulling-over accidents. 

The authors do not allow full value for the advantages of short-chord 
winding. It 15 possible to reduce the pitch of the coils by 40 per cent., 
and only reduce the output by 15 per cent. 

In Fig. 12 the straight line in quadrant 2 Бн possibly give the 
true connection between watts per revolution and d?l, because for 
machines of a given frequency, say 25 N9, the number of poles changes 
with the speed, and the reduction in the number of poles in small 
machines changes very greatly the output of a given frame. 

I agree with what Mr. Hawkins said as .to the calculation of the 
regulation of an alternator. The paper does not take into account the 
cross-magnetisation of the pole. This may be taken into account either 
in the calculation of the self-induction of the winding, in which case the 
formula for the armature leakage must have added to it a very large 
term to represent the flux which comes into the pole from the armature 
on the leading side of the polc-face, and leaves it on the trailing side, 
or by considering that the main flux is displaced from the centre of the 
pole, so that even at unity power factor the armature current lags 
behind the centre line of the pole, and therefore has a demagnetising 
effect. 

I agree with what Mr. Stoney says as to the danger of obtaining 
regulation only by saturation. The authors ingenious method is 
designed to obviate one of the dangers, but they do not get over the 
big fall in voltage when an inductive load is thrown on. 

The use of the Hopkinson leakage coefficient in the expression 
Sx С x sin ди is not right. The question as to how much the pole 
leakage affects the regulation cannot be disposed of by simply intro- 
ducing the coefficient. If there is no saturation in the pole the pole 
leakage does not aftect the regulation at all. If, on the other hand, the 
saturation is excessive, the pole leakage may prevent the machine from 
ever attaining its voltage on a low power factor, even with an infinite 
exciting current. 

Apart from these points, which are open to criticism, and one or 
two others of minor importance, I think that the method of dealing 
with the whole subject is very excellent. Curves of the kind given in 
Figs. 1, 3, 11, and 12 will be of great value to engineers who are dealing 
with lines of electrical machines. Now that the general method has 
been shown by the authors, any one can easily incorporate any features 
to suit his own ideas. I think that the authors are to be highly com- 
mended for their most uscful paper. 

Mr. S. E. GLENDENNING: I think the first remark in the paper— 
that only the temperature limit needs consideration—is open to some 
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criticism. I suppose the meaning of this would be that all the spark- Mr. Glen- 
ing machines one comes across now are also over the temperature <"! 
limit. But it is still easy to make a bad machine, and a little warning 
perhaps is necessary. 

With regard to the suggestions in the paper, the first one made 
is that the slots should be deepened. Deepening the slots does not 
improve the commutation. It is a difficult thing to get any quantitative 
results of that, but as a general rule we have found that machines with 
shallow slots, other things being equal, run better than those with deep 
slots. Another more important point still is the question of diminishing 
the size of the commutator, as suggested on page 245. It is very easy to 
make a good machine into a bad one by economising too much in the 
. commutator. If we make it too small, we cannot get rid of the watts 
lost; if we make the current density too high, the brushes get reduced 
to coke in the course of a few weeks. If we put in too few sections, 
even if the volts per section are reasonable, the limit of the reactance 
voltage may be reached. We have not gone higher than 23 reactance 
voltage, and we consider that about a reasonable limit. 

The authors have taken as a standard a machine with an armature 
of greater axial length than is usual in modern practice, the re-introduc- 
tion of the commutating pole having made a large diameter possible. 

The chief method by which the output limit has been increased of 
recent years has therefore not been mentioned—that is, increasing the 
windage and the cooling surface of the armature by somewhat increasing 
the diameter, so that for the given d?/ value the net length is only about 
077 of, what would be given by the authors’ “ square pole-face " (1.е., only 
o's of the pole pitch). The effect of armature proportions is shown on the 
curves given on pages 239 and 240, which are distinctly low. I amusing 
now curves that for 3,500 ft. per minute peripheral speed are over 30 рег 
cent. higher than those, due to the fact that we can get a big hole in the 
armature, so that the windage is passed with much less resistance, while 
the cooling surface is also increased. As the authors suggest in one part 
of the paper that the radial depth of the iron should be great, it looks as 
if they have been working with a small hole. Another consideration is 
that in the small diameter machine the field coils come very close to 
each other and impede the windage from the armature. Thus a 
modification of armature dimensions is one way of raising the heating 
limit above the authors’ figures. Perhaps I may be allowed to mention 
this, as the title of the paper and the conclusions drawn are perfectly 
general, although the authors have put rather arbitrary limits on their 
discussion of the subject. This also applies to their remarks with 
regard to materials. 

The chief improvement to be looked to at present is, in fact, in the 
materials. The new qualities of armature iron, ог rather, I should say, 
steel, that are now coming to the front will, when the price drops, be a 
considerable help, especially in high-speed machines. With “ stalloy," 
for instance, which is at present three times the cost of ordinary arma- 
ture steel, results are obtained which justify its use in high-speed 
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machines, and as the price goes down to something reasonable no 
doubt we shall adopt it for machines of moderate speed with a con- 
siderable reduction of the core losses. In one case I have in mind the 
core losses were reduced до per cent. That is а thing which can hardly 
be overlooked in speaking of output and economy limits. 

Again, there is the use of enamel-covered wire. We have used 
enamel covering of 1 mil radial thickness which will stand 1,000 volts, 
even when it has been somewhat bent—as much as is required for a 
coil or armature bar. It will also stand solder heat for a short time, 
though continued exposure to 350° F. destroys the elasticity and the 
nature of the enamel. Enamel-covered wire is now, for moderate 
gauges, about 30 per cent. dearer than cotton-covered wire, but no 
doubt that price will be reduced as time goes on. 

Then, again, it is possible (though hardly probable) that, if the price 
of aluminium continues to fall, one may reduce the cost of the field 
winding, without increasing, however, the output of the machine. For 
the commutator it will never be any good, because it is a bad friction 
metal. 

Then ventilation is another item which has received a great deal of 
attention lately. I think nearly all English firms have, during the last 
two years, experimented with fans on the armature, and they have 
succeeded in ventilating the engine-room, if not in cooling the arma- 
ture. There has, however, been a great deal of legitimate improvement 
in the provision of ducts in the armature and the ventilating of the field 
coils too, both being assisted by a modification of armature dimensions 
before indicated. Further improvement in ventilation should certainly 
not be overlooked in considering the subject of this paper. 

The figures for frequency in the core given in the paper about agree 
with our practice, and the same remark applies to the field distortion 
curves given on pages 245 and 246. 

Twenty-five average volts per section, given on page 246, we should 
consider too high unless accompanied by a low reactance voltage as 
well as a stiff field. 

The constant and exponent given in the core loss, formula (7), 
naturally vary with the type of machine and the quality of the steel 
used. In my case the exponent approaches r4 for some qualities of 
steel, and the constant, though the same as the authors' for 6-pole 
machines, is lower for smaller 4-pole machines. , 

I should be interested to know if the authors have found any 
difference in this respect. 

With reference to Dr. Thompson's remarks, I may say our present 
limit for 4 (ampere conductors per inch) is goo, and the ratio x for а 
dynamo generally falls between 300 and 350, which agree well with 
the figures giveu in the paper. 

For a variable-speed motor, of course, this ratio may be much lower, 
provided the reactance voltage is within bounds and the load is not such 
as to induce hunting "—that is, if friction is great compared with inertia 
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In a dynamo, to carry things too far spoils the shape of the com- 
pounding curve, the voltage rising too much at half-load. 

Mr. P. R. FRIEDLAENDER (communicated): This paper is valuable 
even if it is based on only one maker's designs, but it can only become 
a definite landmark in dynamo design if confirmed or modified by the 
expcrience of other makers. 

Such curves as Figs. I, ТА, 2, and 24, for instance, are entirely 
dependent on the ventilation arrangements adopted, and although 
large improvements in this direction have taken place within the last 
few years, the possible limit has by no means been reached yet. In 
connection with the suggested means of improving the output limits it 
may be pointed out that the exact causes of the greater part of the iron 
loss in direct-current armatures are at present unexplained. It is well 
known that this loss is usually two or three times as great as that cal- 
culated from the hysteresis and eddy-current constants of the iron, and 
this excess is probably due to additional eddy currents produced partly 
by the burring over of the discs during construction and partly in the 
thick end discs used to support the armature and in the magnet pole- 
faces. Systematic attention to these points will probably do more in 
reducing the iron losses than the employment of Шы material 
in the form of low hysteresis alloys. 

The curve on page 242 showing the minimum cost of active material 
is interesting, but cannot be employed to determine the best ratio of 
magnetic to electric loading, as it is not the cost of active material but 
the complete works cost of the machine which is most important. 
This has a minimum value at a higher ratio of magnetic to electric 
loading (i.e., when the total cost of magnet active material is well in 
excess of the total cost of armature active material), for every pound 
of copper or iron placed on the armature involves decidedly more 
expense in labour than the same weight placed on the magnets. 

In connection with their remarks on induction motors the authors 
do not explain how they estimate the total flux per pole (or the average 
flux density in the air-gap). Apparently, from the remarks on page 257, 
they assume a sine-wave space distribution of the flux, and this is not 
quite justified for normal motors having few slots per pole per phase. 

The suggestion made on page 265 of saturating the poles of alter- 
nators so as to improve their output coefficients without increasing the 
drop is not so effective as would appear from Fig. 15, for in this the 
zigzag leakage, which increases with any decrease in the air-gap, 
and also the distortion of the field by armature reaction, are not taken 
into account. High-speed regulators of the Tirrill type probably offer 
the simplest and most flexible solution of this alternator regulation 
problem at the present time. 

Mr. R. LIVINGSTONE (communicated): This paper brings to our 
notice much that is new and valuable to designers of electrical 
machinery, and a close study of the various proportions arrived at 
should prove useful to all interested in economical design. In con- 
sidering direct-current machines the authors leave out of consideration 
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way is to work out the densities in and the length of the different por- 
tions of the magnetic circuit, and from the usual “ B.H.” curves estimate 
the ampere-turns required. Slots and air ducts can be allowed for as 
in other electrical machines, and the final ampere-turns will be as 
accurate as it is possible to calculate them. 

The ratio total to gap ampere-turns is the same as the ratio apparent 
to actual gap. 

The apparent gap has a big influence on the total cost of a 

machine. When the gap is small the shaft, pedestals, and bedplate 
have to be made very stiff and the bearings ample, and there is a point 
where any increase of output or power factor obtained by reducing 
the gap will cost more than it would if obtained by increasing the size 
of the machine. As the gap is the starting-point in the design it would 
seem advisable to first of all determine rationally its most economical 
size. 
In estimating the impedance of the windings the total impedance 
is given as two times the stator impedance. Should not this ratio 
depend on the ratio between free and imbedded portion of the coils 
to some extent and also with the ratio of stator to rotor slots? If this 
was taken account of it might alter equation (13) somewhat. 

In estimating the reactance of an alternator armature the writers 
neglect the leakage at the top of the slot and the influence of the pole- 
faces. This will increase the value of K and also the potential rise of 
the machine. 

Dr. A. RUSSELL (communicated): This paper contains Тпапу 
interesting and important theorems which are deserving of close 
examination. I think the formula (7) given for the total iron loss 
in the armature of direct-current machines must be accepted with 
caution. The eddy-current loss in the armature core is always 
appreciable, and two of the main factors determining this loss are the 
thickness and the resistivity of the iron stampings. The formula 
gives no hint as to the effect produced by varying either of these 
quantities. Unfortunately, at present, theory does not help us much. 
Making the assumption of constant permeability, it may be shown 
mathematically that if the product of the permeability д and the 
frequency f divided by the resistivity p be high, the losses per cubic 
centimetre vary directly аз ./ufp/t, where ¢ is the thickness of the 
laminations. Оп the other hand, if „f/p be small, it is well known 
that the eddy-current losses per cubic centimetre are proportional 
to (РР/р) Bmax.. In the former case, the heating of the iron increases 
the eddy-current loss, in the latter it diminishes it. The formula 
for intermediate cases given by Sir Joseph Thomson is fairly simple. 

I have a difficulty in accepting the formula (12) for the leakage 
factor. It is hard to believe that this factor is, to a first approximation, 
independent of the number of turns and the nature of the windings 
of the stator and rotor. It is well known to physicists that empirical 
formula, apparently very different, sometimes give approximately 
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the same numerical values over wide ranges of a variable, and they 
are therefore always to be accepted with suspicion. From this formula, 
on the assumption that the number of poles and the volume of the rotor 
is constant, the authors deduce a “ best ratio" for core length to 
core pitch. In making this deduction, however, they have assumed 
that the equivalent air-gap A does not vary with the diameter of 
the rotor. 

Mr. Hawkins has called attention to the formula given for the 
demagnetising ampere-turns due to the current in the armature. 
When the ratio of the pole arc to the pole pitch is very small, and 
wc have a simple coil winding, the breadths of the coils being negligible, 
the true formula can be got easily as follows. Making sine-curve 
assumptions we see that when the axes of the poles cut the armature 
coils the wattless component of the armature current is zero, and that 
when the axes of the poles point along the axes of the armature coils 
the wattless component of the armature current has its maximum 
value C 4/2 ѕіп 0. We see, therefore, that the mean value of the 
demagnetising ampere-turns acting on the armature flux is — 


(2/7) S C ,/2 sin Ө, 


that is, o9 SC sin 0 very approximately. This agrees with the result 
found in the limiting cases of Arnold's and Guilbert's formule (sce 
Russell's “Alternating Currents,” vol. ii, p. 48). If we suppose that 
aSCsin@ is the demagnetising ampere-turns found by Guilbert’s 
formula where a is a number less than unity, then if we make the 
large assumption that the reluctance of the field magnets remains 
constant whatever the flux in them may be, the compensating ampere- 
turns on the field magnets required will be— 


(1 + К/К.) a SC sin 0, 


where R, is the reluctance of the path of the flux in the field magnets, 
and R, the reluctance of the leakage paths in air. The complete 
formula (vol. ii., p. 41), obtained on the assumption that R; is a single 
valued function of the exciting current, is complicated. It is to be 
noticed that we do not multiply aSC sin 0 by Hopkinson’s coefficient 
уіп order to get the compensating ampere-turns. The expression 
a SC sin Ө/у gives the compensating turns required to keep the flux in 
the field magnets constant, but this is only of academic interest. 
The approximate theorem given in Appendix I. is novel and im- 
portant. The effect, however, of the increase in the armature 
reluctance and the magnetic leakage is neglected. As this increases 
the eddy-current, hysteresis, and excitation losses it puts a serious 
limitation to the use of the theorem. The authors deserve our thanks 
for having brought forward so many interesting theorems, some of 


which are the first steps to more general theorems of immediate 
commercial value. 
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Mr. THOMAS CARTER (communicaled): I have gonc through the 
portion of the paper dealing with direct-current machinery, and, 
although there has been no opportunity of checking in any detail the 
conclusions come to, attention may be directed to one or two minor 
points. 

On page 234, near the top, it is stated that, neglecting armature 
copper loss, EC is the output in watts. The paper includes dynamos 
and motors, and it is only in a dynamo that this statement is accurate, 
as in а motor some of the watts contained in E C are used up in over- 
coming windage, brush and bearing friction, and core loss, and these 
may, in small machines, be a very large percentage of EC com- 
paratively. 

About the middle of page 234 there occurs the expression * output 
per revolution," and throughout the paper the equivalent term ‘ watts 
per revolution" occurs. Curiously enough, in all the formule, this 
expression is correctly denoted as watts/r.p.m., but whenever it is 
given in words it is expressed so as to have no physical meaning 
whatever. The words “ watts per revolution” are exactly analogous to 
such an expression as “speed per step." The correct expression 
" walts/r.p.m." is analogous to “distance per step," and has a physical 
mcaning. It expresses obviously a measure of the work done fer 
revolution of the machine. It is therefore also closely connected with 
the tangential force existing round the armature circumference. 

At the bottom of page 234, the expression “watts per revolution 
рег d?l” is used. This, however, is not the verbal expression of 
equation (4), because the symbolic expression of the words quoted 
would surely be watts — r.p.m. — d?/, which is quite the opposite of the 
latter part of equation (4). 

From quadrant 4 in the Figs. 1 and 1a it is clear that the ratio 
of diameter to length for square pole-faces is very nearly half the 
number of poles in the machine. This isa very easy rule to remember, 
and as in a line of machines there are usually two or more lengths for 
one diameter, it is usually accurate enough to take the mean value of 
diameter/length for a given diameter as equal to half the number of 
poles. 

Finally, on page 241, the mathematical relation of slot depth to 
diameter of armature seems so very far away from anything adopted in 
practice that the utility of the expression is quite doubtful. It is quite 
impossible to think of a slot, say 10 in. deep, in an armature of 60 in. 
diameter, and a slot of 2 in. deep in an armature 12 in. diameter seems 
also rather odd unless the saturations are very different from what are 
now used. This may be possible with interpoles. It would have been 
better, one thinks, if the authors had given an actual working formula 
of purely empirical form, which would have been useful for actual 
practice. 

It must be freely said that these criticisins are of small points only, 
and do not in any way affect the feeling of value produced on reading 
the paper, for which one's best thanks are due to the authors. 
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Мг. W. Cramp (communicated) : This paper marks a clear advance 
in the rigid design of electrical machinery for minimum cost with 
maximum efficiency. It is always easy to criticise any such attempt at 
generalisation, and I shall therefore confine these remarks to showing 
how the methods suggested may be rendered even more widely 
applicable. 

The cheapest machine will usually be that which for given output, 
speed, and temperature rise uses the least material. Now the material 
required must be a minimum when maximum magnetic section is 
combined with minimum length of electric mean-turn; and it so 
happens that the shape of the pole-face (which is largely controlled by 
the shape of the pole-core) determines also the mean length of turn on 
the armature. Obviously the most favourable section for the pole-core 
is circular for castings and square for laminations. 

Starting with this assumption and remembering— 


I. That pole pitch increases the proportion of uscless copper 
on the armature, while core length decreases it; and 

2. That the ficld copper is usually in excess of the armature 
copper, 


we conclude that the most favourable shape of pole-shoe is not square 
(as the author takes it), but rather of greater length axially than peri- , 
pherally. From this starting-point it can be shown that with a ratio of 
pole arc to pole pitch of о? the relationship— 


(Diameter of pole) x (number of poles) = 1°8 (diameter of armature), 
holds for circular poles ; while for square poles we get— 


(Diameter of poles) х (number of poles) = 1°45 
X (diameter of armature). 


Now the authors have scrupulously confined themselves to interpole 
machines, so that they аге only limited by!temperature rise, but many 
machines without interpoles must still be built while copper remains 
at its present price. 

An easy calculation then enables the limit of the dimensions for a 
given reactance voltage to be placed beside the formule given in the 
paper. Thus, with Hobart's definition of reactance voltage and working 
from the starting-point suggested above, also adopting the ratio— 


Density at the pole-face to density in the pole = 11: 19, 
we get the following general formulze— 


For round poles— 


(Reactance voltage) x (diameter of pole in inches) х (poles) 
— (kilowatts) x (turns per commutator section) X 0'84. 
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In the case of square poles the constant o'84 becomes o7. This 
is for multiple circuit windings, and the constant is not a pure 
numeric. 

Again, the authors refer to the possible increase in output due to 
increased depth of teeth, but they do not point out the relationships 
existing between depth of teeth, maximum density in the tooth, and 
number of teeth. The fact is, that when the ratio (flux density at the 
pole-facc) : (maximum flux density in the teeth) is determined, the 
depth of the tooth depends upon the diameter of the armature alone 
and is quite independent of the number of teeth. 

The relationship may be expressed as follows :— 


depth of slot _1—К(Т+ г) 


diameter of armature 2 (1 4- 7) 


Where K is the ratio— 


density т pole x gross armature length 
density in teeth х net armature length X fringe tactor 
and— 
ratio width of slot 
~ width of top of tooth ` 


9 


With average values of К and r the depth of slot works out at 0°06 
times the diameter of armature. 

The considerations thus introduced may be even more rigorously 
applied in the case of induction motors, for with them the shape of 
Carcase giving minimum copper on the rotor is also that giving 
minimum copper for the given flux on the stator. 

It is of interest to find that machines designed from this point of 
view agree in many respects with dimensions worked out on the 
system of the authors; but the latter gives an average value for the 
relationship of armature ampere-turns to ficld ampere-turns which is 


Мг. Cramp. 


lacking in the method just outlined. Thus, combination of the two | 


leads to very definite results which shorten materially the calculations 
usually required for the most economical machine. 

Dr. R. POHL (communicated): This paper sets out in a very 
interesting manner the factors that limit the output obtainable from 
electric machines, and indicates clearly and correctly the present state 
of design. But, in so far, however, as it contributes to the theory of 
the design of electric machines for minimum cost, I do not think that 
all the conclusions arrived at are correct. 

A few years ago, in conjunction with Dr. H. Bohle, I published 
such a theory for static transformers, in the design of which the 
number of variables is, of course, much smaller than in rotating 
machines, and the problem could be easily solved without any undue 
assumptions being made. The principle that the total cost for the 
material of the electric circuit should be equal to the total cost for the 
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material of the magnetic circuit of a transformer was established, and 
used as the basis of calculation. 

The authors of the present paper go a step further, and apply the 
same principle to the design of rotating machines, and particularly to 
direct-current machines, and they conclude that the cost of the material 
in the electric circuit—that is, of the armature and interpole copper— 
should be equal to the cost of the material in the magnetic circuit—that 
is, of the total iron and the shunt copper. This result is entirely 
different from present-day practice, and, in my opinion, also far from 
being correct for the design theoretically most favourable. 

It is arrived at chiefly by the assumption that the material in the 
magnetic circuit, that is, the iron and shunt copper, varies directly with 
the total magnetic loading (Appendix II.), which I do not think is 
really the case. 

It will casily be seen that with an increase of the magnetic loading, 
the amount of shunt copper by no means rises in proportion to the 
increase, and as it forms an important part of the total cost, this fact 
greatly affects the result. 

Even in interpole machines a certain relation should be main- 
tained between the field ampere-turns for gap and teeth and the 
armature ampere-turns beneath the pole arc, in order to keep the 
field distortion within permissible limits. As a result, with an increase 
of the magnctic loading and consequent decrease of the armature 
ampere-turns, the shunt ampere-turns, and also the weight of shunt 
copper, may sometimes even be made to decrease. | 

Some years ago, when with the introduction of interpoles a theory 
of design for minimum cost without regard to sparking became of 
practical interest, I worked out a suitable method, from which I con- 
cluded that in the most favourable machine the ratio of the cost for 
armature and interpole copper to the cost for iron and shunt copper 
is not constant for all sizes, and is generally between $ and }. 
Another conclusion was that the length of the armature core should 
be considerably greater than the pole arc, and not equal to it, as the 


_ authors assume. The curves are, however, very flat, and one may 
‚ depart very considerably from the point thcoretically most favourable 


without adding appreciably to the cost of the active material. Such 
departure is generally desirable, because, after all, the cost of the active 
material is not the only point to be kept in mind in the design of 
a machinc. 

Though differing from the authors in some of the points cited 
above, I have read the paper with the greatest interest, and cannot 
refrain from congratulating them on the clear manner in which they 
have given so much detailed information of real practical utility in 
comparatively so short a paper. 

The Астнокѕ (in reply): In the first place, we wish to thank 
Colonel Crompton for his remarks of appreciation and for the 
interesting facts he brought out in connection with the design of the 
early dynamo-electric machines. 
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We fully agree with Colonel Crompton as to the benefit the industry 
derives through engineers openly placing before the Institution their 
ideas and the results of their experience. 

With regard to Mr. Hawkins’s remarks, the individual values of B 
and g can be obtained from the values of X and Y, the ratio of X to Y 
being about 300 to 1, so as to obtain the minimum cost of active 
material The values of B and 4, of course, also depend on the d?l, 
and the ratio of d to /. 

We do not lay any particular stress on machines having square pole- 
faces, except that this is a convenient mcthod of comparing a whole 
series of machines one with another. 

With reference to Fig. 3, we would point out that on examination it 
will be found that the flatness of the lower as compared with the upper 
curves is more apparent than real; in fact, the percentage increase on 
either side of the minimum point is rather higher in the flat than the 
steep curves. 

Regarding the opposition of the armature M.M.F. in alternators, we 
admit that the Hopkinson coefficient has been used in a way that may 
be open to criticism, but by giving this a value of 1°35, it has been 
found by actual tests on a standard line of machines that the results are 
nearly in accordance with the formula given in the paper. 

In reply to Professor Thompson, we confirm that the curves in 
Fig. 3 refer only to interpole machines. 

Referring to the cost of active material, we do not state that the cost 
of the copper and the iron in the active parts should be equal. What 
we do state is that the cost of the active material in the electric circuit 
should be equal to the cost of active material in the magnetic circuit ; 
the magnetic material being the armature iron, magnet stcel, and 
magnet copper, and the electric material the armature and interpole 
copper. 

The cost of the material in the electric and magnetic circuits is only 
very approximately proportional to the electric and magnetic loadings, 
and this assumption, which was made in Appendix II.. was only used 
for the purpose of showing in a simple manner that a minimum cost 
point might be expected. 

The curves in Fig. 3 were made up from actual designs of machines 
on the assumption of constant losses in the armature and constant watts 
per square inch on the magnet, and interpole copper for all ratios of 
Xto Y. The general rule that the cost of active material for any size 
of machine is a minimum when the magnetic material cost is equal to 
the electric material cost has been derived by observing from these 
calculations that the total cost of active material was a minimum when 
the magnetic and electric circuit material costs were equal. 

As the above rule must apply to motors as well as generators, it is 
not an advantage therefore to have the armature of a motor more 
powerful relatively to the field magnets than in the case of a 
generator. 

With reference to the embedded leakage per inch in induction 
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motors, this will only vary very slightly in practice if the conditions 
specified are adhered to, viz. :— 


(a) A number of slots per pole per phase, as given by curve 
(Fig. 8). 

(b) An аш-рар, as given by Fig. 9. 

(c) Nearly closed slots. 


Values for conditions other than these are given in Appendix III. 

The rule for making the net copper width equal to the root of the 
tooth is just as true for very large machines where the teeth would be 
nearly parallel as for small machines where the teeth are very tapered, 
because only the root of the tooth in each case is being considered (see 
Appendix I.). 

With regard to the adoption of drum windings in the rotors and 
stators in order to take advantage of the mutual induction of the end 
windings, we have found that a slight advantage is to be gained by this, 
but it is not sufficient to make it worth while to depart from a uniform 
design of machine which is suitable for both high and low voltages. 

Mr. Miles Walker referred to the quadrant diagrams in Figs. 11 and 


І1А, and pointed out that by increasing the value | by 100 per cent., 


the value of o is only increased by about 4 per cent. But for an over- 
sight, the fact would have Бесп mentioned in the paper that an increase 
of 75 per cent. and a decrease of 45 per cent. in the length of the core 
from the theoretical best length, for the same 421, only makes 5 рег 
cent. difference in the value of e. Outside of these limiting values the 
alteration to the value of e becomes rather great, and, as many motors 
have been greatly misproportioned in this respect, the quadrant dia- 
grams ІІ and 1ra have considerable value, in that they show what are 
the ideal dimensions of diameter and length on the basis of definite 


assumptions. 
We do not agree that cither the embedded leakage of 25 C.G.S. lines 


per inch, or the end leakage, is subject to variations of more than 1o per 
cent., provided one adheres to the conditions set forth in the paper. 
Further information on this question is given in Appendix III. 

The authors have dealt with short-chord windings on page 258 of 
the paper. 

Regarding the 500- H.P. motor with 16 poles, giving a power factor 
of only 0:87, we do not think diagram Fig. 11 has been clearly under- 
stood in this respect. "This power factor of 0:87 is the maximum to be 
obtained with the given size of motor having a d?! value of 20,000, but 
the 16-pole line in quadrant 2 shows that in order to increase the power 
factor to o'9 the d”? must be increased to 48,000—that is, more than 
doubled. The question is, Does 3 per cent. gain in power factor 
warrant this enormous increase in the size? 

The straight line in quadrant 2 (Fig. 12) is not intended to show the 
output from a given d?l for any number of poles. It is only meant to 
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give an indication of modern practice for an average number of poles 
for the particular d?l selected. 

We much appreciate Mr. Walker's remarks about the paper gener- 
ally, and join with him in the suggestion that any one can incorporate 
slight modifications to suit his own practice. 

Mr. Stoney referred to the improved materials and ventilation as 
а means of increasing the output, and we have assumed throughout 
tbat the materials and ventilation are in accordance with modern 
practice. 

The core losses in Fig. 4 were obtained.from experiments on a 4-pole 
machine, the armature core being 15 in. diameter and 7 in. long. This 
was directly coupled to a similar machine, the latter being used as a 
motor (see page 243 of the paper). 

Our statement that the output from an armature of an alternating- 
current dynamo is not in any way limited by temperature rise appears 
to have been misunderstood. It is quite possible to make an alternator, 
as at present constructed, too hot, but this is beside the point. What 
we wish to convey is that if it were not for the difficulties connected 
with the voltage rise of alternators, it would be possible to nearly 
double the output from a definite size of armature, the temperature 
rise remaining constant. 

We admit that reducing the voltage rise by means of a saturated 
pole requires careful design and an exact knowledge of the capabilities 
of the iron used ; but we do not consider these difficulties insurmount- 
able, and think that the method of regulating the flux shown in Fig. 13 
would minimise the difficulties. 

Mr. Glendenning mentions that deepening the slots does not improve 
commutation. It is well known that without interpoles the depth of 
slot is somewhat limited by sparking, but as we are only considering 
machines with interpoles, the remarks on this head are irrelevant. 

It is quite obvious that if a commutator is made below a certain 
size it will not be possible to get rid of the heat rapidly enough. But 
it is also well known that the electrical losses on the surface of the 
commutator under the brushes are very much less with interpole than 
with non-interpole machines, and the friction losses decrease in pro- 
portion as the commutator diameter is reduced. 

With reference to the core-loss formula, this represents the average 
of a great number of actual tests. We have not been able to notice 
any marked difference in the exponent between the losses of 6- and 
4-pole machines. 

We thank Mr. Cramp for his very interesting and useful com- 
munication on the question of minimum cost. It will be seen on page 245 
of the paper that our theory of minimum cost does not necessarily 
lead to machines with square pole-faces. 

With reference to Dr. Pohl's remarks on the theory of minimum 
cost, our theory is not based on the assumption that the material in 
the magnetic and electric circuits is proportional to their respective 
loadings. 


The 
Authors. 


The 
Authors, 
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This has already been fully dealt with in our reply to Professor 
Thompson. Dr. Pohl's results, however, are not very different to our 
own, as the ratio of electric to magnetic circuit costs varies very rapidly 
with the ratio Y to X. 

Dr. Russell questioned the accuracy of formula (7), owing to the 
variable quality and thickness of the iron. The resistivity of most of 
the high-grade iron used for armatures (excepting silicon irons)is about 
constant, and any difterence in this respect on core losses is of little 
moment. The thickness of the discs is, of course, a very important 
matter, and this in all our experiments was o'or8 in. 

With regard to the value of the в given in the paper, this only holds 
for motors designed on the basis laid down therein. Appendix III. 
illustrates the corrections to be made for various dispositions of 
windings, etc. 

The value of о in any motor does not depend оп the number of 
turns in the windings, because the turns are the same function both of 
the light-load current and of the short-circuit current, and in dividing 
one by the other the turns cancel out. 

In deducing the best ratio of core length to pole pitch, it is quite 
true that a medium air-gap of 004 in. has been used ; but if Fig. то is 
examined it will be scen that the difference in this ratio between a very 
sinall air-gap and a medium air-gap is very small. It is, however, to be 
noted that in calculating e in Figs. 11 and 11a the air-gap used depends 
on the d?l value of the core, and is taken from Fig. 9, varying from 
about 07015 in. to o'r in. 

With regard to Appendix I., it is essential, of course, to consider 
the effects of additional eddy currents, hysteresis, and excitation losses 
when designing an actual machine, and this has been referred to on 
page 244 of the paper. 

Mr. Carter states that the product E C—1i.e., the output in watts—is 
only true for dynamos and not for motors, and with regard to this we 
would refer him to the last three lines of Part I. of the paper. 

It is agreed that the expressions “ watts per revolution” and “ out- 
put per revolution " are meaningless terms. The mistake is clearly in 
the nature of a clerical error. 

W'e cannot agree that the verbal expression at the bottom of page 234 
“watts per revolution per 424” is the opposite to the symbolic expression 
of the latter part of formula (4). 

With regard to the relation of slot depth to diameter of armature, 
we quite fail to understand why the utility of our expression for this 
relationship is considered doubtful. It establishes the fact that if 
the slot is made deeper than about one-sixth of the diameter, the output 
will be decreased for the same losses. It is particularly mentioned in 
the paper that in many cases it would be impracticable to use a slot of 
so great a depth as indicated. The slots should then be as deep as 
mechanical and other considerations permit. 

In reply to Mr. Livingstone, we think the statement that interpoles 
are now Chiefly used on high-speed machines is hardly correct. They 
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are now coming largely into use for ordinary machines, and by a 
proper distribution of the material can be made cheaper for the same 
output and temperature rise than a machine of the non-interpole type. 
In adopting 135,000 C.G.S. lines, which is the corrected value, as the 
limiting figure for tooth density, it is only intended to represent an 
average figure over a whole series of machines. At the same time, it is 
to be remembered that the depth of teeth proposed would not permit 
of higher densities, owing to the excessive iron loss and field copper 
that would result. 

The deeper slot is found in practice to make no difference to the 
amount of winding required on the interpole. 

The no-load current of induction motors could, of course, be cal- 
culated in the manner mentioned, but this would not be so simple as 
the method described on page 251 of the paper. In taking thc total 
impedance to be twice that of the stator alone, the embedded lengths 
of the stator and rotor windings are equal ; the mean lengths of their 
free ends are not equal ; and the average of these lengths is that taken 
in calculating the impedance of the stator. The slots are assumed to 
be of the same number in both stator and rotor. If they are not the 
same, the average should be taken. 

Mr. P. R. Friedlaender is quite mistaken in supposing that curves 1, 
IA, 2, and 24, etc., are only representative of one maker's designs ; 
they will be found to be representative of the best practice of the 
leading English firms. 

Regarding the minimum cost, curves Fig. 5, for active material, in 
our opinion this is equally as important as the total works cost ; in fact, 
generally speaking, the smaller a machine is for a given output the 
smaller will be the cost of labour and mechanical parts. 

With regard to the distribution of flux for induction motors, it is 
well known that the space distribution of the flux in the air-gap 
depends to some extent on the slots per pole per phase. Our figures are 
based on an average value. The maximum value of the flux density is 
taken at about 1:6 times the mean value. 

In conclusion, the authors are grateful for the manner in which 
their paper has been received, and for the valuable points raised in the 
discussion. 

The PRESIDENT: We have had a very long and interesting dis- 
cussion. The authors were good enough to say that they would 
rather hear speakers discuss their paper than hear themselves reply, 
so that we shall have the advantage of their carefully considered reply 
іп the Fournal. 

I now ask you to pass a very hearty vote of thanks to them for the 
interesting and useful paper they have read. 

The resolution was carried by acclamation. 


VoL. 42, 20 


The 
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Proceedings of the Four Hundred апа Eighty-fifth 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday · evening, 
December 17, 1908— Mr. W. M. Moroney, Pre- 
sident, in the chair. 


The minutes of the Ordinary General Meeting, held on December ro, 
1908, were taken as read, and confirmed. 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


The following list of transfers was announced as having been 
approved by the Council :— 


TRANSFERS. 
From the class of Students to that of Associate Members :— 


Alexander Clark. | Samuel Ogden. 


A paper by Messrs. W. Cramp and Bertram Hoyle, entitled “ The 
Electric Discharge and the Production of Nitric Acid,” was read and 
discussed. 

The meeting adjourncd at 9.40 p.m. 


1908. ] CRAMP AND HOYLE. 297 


THE ELECTRIC DISCHARGE AND THE PRO- 
DUCTION OF NITRIC ACID. 


By WILLIAM CRAMP, Member, and BERTRAM HOYLE, 
Student. 


(Paper received from the MANCHESTER LOCAL SECTION, November 3, read 
in London on December 17, and at Manchester on Decembcr 15, 1908.) 
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INTRODUCTION, 


It has been calculated that the amount of fertiliser in the form of 
natural nitrates still available is less than that required for the world’s 
food supply for the next twenty years—that is, assuming that no new 
sources are discovered. It is this fact which has brought into such 
prominence the necessity of obtaining a fresh supply of nitrogen 
compounds, and has consequently led to the erection of large plants 
for fixing the nitrogen of the air. The weight of nitrogen over every 
square mile of the earth’s surface has been estimated at 2°16 x 107 tons, 
an amount sufficient, according to Sir William Ramsay, to afford plant 
food for over 38,400 years’ consumption at the present rate. It is 
evident, then (since the surface of the earth represents approximatcly 

% 
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2:02 X 10? square miles) that the amount of nitrogen free at the 
present moment is sufficient to feed the world’s population for approxi- 
mately 7°75 x 10% years, and we may well proceed to make use 
of some of this without interfering appreciably with the propor- 
tions of oxygen and nitrogen existing in the atmosphere. To the 
question whether ultimately such attempts might to any extent 
alter the atmospheric constitution no definite answer can be given ; but 
it may be pointed out that for thousands of years past, from decaying 
vegetable and animal matter and other sources, nitrogen in various 


А. Air inlet. B. Electrodes. С. Flame. D. Outlet for gases. 


forms has been sent into the air, and this continues even now to a 
large extent. 

In spite of the many attempts which have been made to fix 
atmospheric nitrogen, little pioneer work in the way of research has 
been done to assist the inventor to obtain the best yield from any form 
of apparatus, and it is with the object of clearing the ground a little in 
this direction that the work embodied in this paper has been carried 
out. 

Most inventors have attempted to fix the nitrogen of the air by the 
use of very high temperatures—that is, by really attempting to burn 
the nitrogen in the presence of oxygen to NO and NO,, usually by 
means of the electric arc. In some cases, instead of burning the gases, 
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direct, union has been obtained by means of a third substance such as 
calcium carbide. Here we shall deal with the former methods only. 


THE CREEDS OF INVENTORS. 


Each succeeding designer has decided upon some point in the 
form of the discharge to be used which he believed to be the most 
important factor in determining the production of the gas. Thus one 
believes that it is most essential to get the current of air into very 
intimate relationship with the flame (Naville and Guye). Another con- 
siders that the essential condition is to have no continuous flame, but a 
very large number of arcs (Kowalski and Moscicki). А third thinks 
that not only is a large number of arcs necessary, but that these should 
be also very long and very thin (Bradley and Lovejoy). Others attempt 
to combine these results with effects of very high temperature of the 
gas followed by very sudden cooling; and again, some believe in 
the effectiveness of temperature gradient alone, whether the arc be 
large or small. 


А. Air inlet. C. Gap across which the discharge takes place. 
B. Hollow carbon clectrodes, D. Outlet for gases. 


It can safely be said that none of these systems is complete in 
itself, but that there is some truth in each. Each has, however, led 
to a distinct apparatus, which we shall describe shortly, since only 
by consideration of these can the effect of the possible variables be 
shown. 


APPARATUS RESULTING FROM THE VARIOUS CREEDS AND RESULTS 
OBTAINED, 


I. McDougall and Howles, Manchester—The apparatus proposed is 
shown in the accompanying sketch, Fig. г; the form, as well аз the 
principle upon which it works, will be clear from the sketch. It is 
essentially a high-voltage machine working at from 8,000 to 16,000 volts. 
The results given by this were very poor, but it is only fair to say that 
the power used was very small. The output obtained will be found in 
a table at the end of this section, page 304, while reasons for failure 
will be found in the criticisms on pages 305 and 337. 

2. Naville and Guye.—The arrangement proposed is shown in Fig. 2, 
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and it will be seen that the arcs set up are in series, and that the air to 
be burned is taken from the outside through the centre of hollow elec- 
trodes, thus passing right through the section of the arc. Three gaps 
in series are used. No figures are available for the output of this 
apparatus. 

3. Kowalski and Moscicki.—The original apparatus used is depicted 
in Fig. 3, and is essentially arranged for high voltage and high fre- 
quency (from 6,000 to 10,000 Cu per section). It will be obvious that 


! E у 
R K x 
47€. 
ШЕ? 
R 
R K х 
< 
FIG. 3. 
A. Alternator. K. Condensers. 
T. Transformer. F. Flame discharge. 
C. Choking coil. R. Resistances. 
Complete apparatus consists of twenty-four discharge chambers X. The air supply is 
not shown, 


difficulties of insulation and construction are very great. The outputs 
obtained are given in Table I. with a note of Moscicki's later apparatus. 

4. Bradley and Lovejoy.—These inventors combine a large number 
of small arcs (as in the last apparatus) with great length, obtained by 
drawing the arc out. The machine consists of a series of rotating 
electrodes which set up arcs and draw them out from fixed electrodes 
surrounding them, as shown in Fig. 4. Some justification for this 
method, and for that previously mentioned, is to be found in the 


1908.) AND PRODUCTION ОЕ NITRIC ACID. 301 


large output shown in Table I. The concentration of acid, as 
a percentage of the amount of air passed through, is also very good in 
this process. 


FIG. 4. 


D a direct-current generator for 10,000 volts. 
E the painom Uppa moving electrodes setting up discharges across the gaps G to the 
stationary electrodes Е’. 


The complete apparatus has fifteen such rotating wheels running on shaft S. 


5. Pauling.—This apparatus is sufficiently clear from Fig. 5. It is 
really the reverse of the principle used by Naville and Guye. We 
have no particulars of the output of this machine. 


FIG. 5. 


Aand В. Electrodes, A being hollow and supplying the discharge with air at the centre. 
C. Insulating columns. 
D. Outlet for gases produced. 


6. Werner.—The principle on which this works is obvious from 
the diagram Fig. 6. We have more to say about this apparatus later. 
7. Birkeland and Eyde.—The arrangement of this machine is shown 
in Fig. 7. It consists of a pair of water-cooled copper tubes 15 mm. 
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diameter employed as electrodes. These electrodes are suitable for 
flames up to 750 k.w. at 3,500 volts, with а gap of т cm. The elec- 


C. The air inlet. A. Air jet. 
T. The transformer. B. Discharge electrodes. 
O. Outlet for gases. 


A. Air inlet to centre of disc of flame. C. Exciting coils. 
B. Gas outlet at periphery. M. Electromagnet. 
D. Discharge chamber lined with firebrick. Electrodes not shown. 


trodes are placed in a magnetic field of about 4,000 to 5,000 lines of 
force per square centimetre in the centre. This field blows the 
arcs into the form of a large circular fan, the maximum diameter of 
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the fame being about 140 cms. Fig. 8 shows the form of flame 
employed and the connections used. The object of the magnetic 
blow-out arrangement is to increase the rate of cutting of the flame 
and the air, which is also assisted by the air blast supplied. The 
furnace in which the discharge takes place is lined with fire-brick, 
and is said to last about six months. The inside temperature of the 
lining does not rise above 700° C. during normal working, owing to 
the cooling effect of the blast of air supplied, although the temperature 
of the disc of flame is very considerably higher. The results obtained 
are extremely good, as will be seen by reference to Table I. This is 
partly because the power employed is large and partly because the rate 
of cutting the air with the flames is high, both being conducive to 
efficient working. The object, as will be discussed later, of getting 
a high rate of cutting the air with the flames is to cool the gases 


B. Hollow copper water-cooled electrodes. 
C. Alternator. 

D. Choking coil. 

E. Gap from 0775 to І cm. long. 

Е. Disc of Пате up to 140 cms. diameter. 


as soon after production as possible, in order to prevent further 
dissociation. 

8. E. Rossi.—The method adopted in this case is really similar to 
those which have preceded it, except that the gases to be combined 
arc submitted to a much lower temperature, but under much greater 
pressure ; for in this process air at a high pressure (50 to go atmo- 
spheres) is heated by being brought into contact with a Nernst glower. 

9. Frank and Caro.— This process is different from anything pre- 
viously mentioned, as it consists in forming first, in an electrical 
furnace, calcium carbide, and then passing nitrogen over this mate- 
rial when at a red heat, the result being that the nitrogen combines 
with the calcium carbide, forming cyanamide. It is essential for this 
process that the nitrogen should be free from oxygen, and this is 
obtained by fractional distillation of the air (Lindt) in the manner now 
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used for producing oxygen. It will be scen from this that oxygen is 
given off as a valuable by-product. 

In all the processes named above, except the last, the object is to 
produce NO, + NO, which, when combined with water, gives а mix- 
ture of nitric and nitrous acids. From these is then usually produced 
nitrate of calcium, which is the fertiliser sold. In the last process the 
cyanamide is sold direct. It decomposes slowly in the presence of water, 
giving off ammonia, which is absorbed by the soil or taken up by the 
plants. It is worthy of remark that this substance assists the production 
of nitrifying micro-organisms, which themselves are germinated in 
large quantities and sold for use as active fertilisers. 


COMPARISON OF THE SYSTEMS. 


The first seven methods mentioned above all employ the electric 
arc. No. 8 makes use of lower temperatures, with special arrange- 
ments for effecting the combination desired, while No. 9 uses the 
arc indirectly. It may be pointed out that at present No. 9 appears 
to yield the best result per horse-power expended, and from the point 
of view of cost is certainly better than Chili saltpetre already. This 
being the case, it is necessary to take steps to find out whether direct 
combination in the electric arc can ever be as successful as indirect 
combination, and in order to do this it is necessary to discover upon 
what factors the production of NO and NO, depend. 


\ TABLE Г. 


Outpuls of Nitric Acid oblained by Various Experimenters. 


Experimenter. Size of Plant. Kilos alt can 
Kilowatts. Kilogrammes. 
irke 7 to 10 
Birkeland ... vs “2 a6 
Lord Rayleigh  ... ane I (theoretical) 
*Moscicki ... bes а 75 
Bradley and Lovejoy -- 
0°30 | 
McDougall апа Howles... 0°22 
017 


* These inventors have also used direct-current at 1,500 volts, giving 525 kg. per 
killowatt-year. 


Now, examination of the first seven processes mentioned above shows 
us that the best results have always been obtained with very large 
powers, and the difference in the yield between Birkeland’s 10-k.w. and 
his 200-k.w. plant is amazing. 

The next point which suggests itself is the excellent result obtained 
by Bradley and Lovejoy from their multitude of small long direct- 
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current arcs, and this result is to some extent verified by Moscicki's 
yield obtained by the use of very high frequency discharges. It is 
notable also that whcther the plant is large or small the yield is poor 
if an ordinary hot and thick arc is employed. Тһе results of McDougall 
and Howles are particularly poor in this respect. Little better is to be 
expected from either Naville and Guye or Pauling, and if there is one 
lesson more than another which can be learnt from these attempts, it is 
that an arc is never successful unless made use of to heat a very large 
quantity of air. 

It may appear at first sight as though the process of Birkeland really 
consists in putting a certain quantity of air through a sheet of flame ; 
but as a matter of fact the effect of the magnetic field in this process 
is to break up what would otherwise be an ordinary arc into a 
large number of very rapidly moving arc-threads. It is evident also 
that the question of temperature is one of considerable importance, 
since No. 8 is worked with temperatures which must be com- 
paratively low when contrasted with the electric arc. The questions 
also of the rate at which the air should move through the flame, of the 
current to be used for a given volume of air, of the changes produced 
by varying the current, of arc-length and frequency, all must be 
determined before any really highly efficient apparatus can be de- 
signed. It seemed, from the above comparison, safe for us to assume that 
good results are only to be obtained by the use of thin flames with very 
rapidly moving arc-threads used to heat suddenly quantities of air which 
are as quickly as possible cooled again. For this reason the apparatus 
selected for experimental results was a modification of that suggested 
by Werner. The following are some particulars of this plant :— 


APPARATUS USED FOR EXPERIMENTS (Figs. 9 and 10). 


This consisted of a high-tension transformer excited by means of 
an alternator and used to feed on its high-tension side a pair of 
phosphor-bronze ribbon electrodes shaped almost like the well-known 
horn lightning arresters. The nozzle A was supplied with air from 
an air-pump and receiver, so that the air had time to cool after being 
compressed before issuing from the nozzle. The detailed description 
of the apparatus used is as follows :— | . 

Air-bump.—The air-pump was capable of giving about 4 cub. ft. 
of air per minute at a pressure of 10 lbs. per square inch, and was 
connected, as shown in Fig. 9, to a receiver, in order to equalise 
the pressure on the jet—i.e, to prevent the beats of the pump 
affecting the blast and flame discharge, and also to lower the tem- 
perature of the air as it passes to the jet. The speed of the machine 
was 180 revs. per minute. А pressure gauge was connected in the air 
main from the receiver to the nozzle, also an outlet was provided in 
order to regulate the pressure used. 

Alternator.—This was a “Cramp self-excited" machine * with a 
very drooping characteristic, which, as will be explained later, is 


* Fournal of the Institution of Electrical Engineers, vol. 38, р. 548, 1907. 


306 CRAMP AND HOYLE: ELECTRIC DISCHARGE [Dec. 17th, 


very suitable for giving a steady continuous discharge through the 
air-blast. Тһе field was controlled by large resistances, allowing very 
wide regulation. The speed of the machine was 1,200 revs. per minute, 
and the frequency 160. 

Instruments.—Ammeters and voltmeters were regularly employed оп 
the low-tension and, where stated, on the high-tension side of the trans- 
former. A choking-coil and series resistance were used sometimes on 
the low-tension side. The transformer (of the ordinary core type) had 
a ratio of turns of roo to т. 

The details of the sparking electrodes will be seen from Fig. то. 

Mr. Werner’s object in using this type of discharge was to 
obtain a quickly expanding blast of air, for he believed that 
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FIG. 9. 
А. Laval-shaped glass nozzle. O. Air outlet. 
B. Electrodes. P. Air pump. 
T. Transformer. Ratio 100 to r. R. Air receiver. 
E.S.V. Electrostatic voltmeter. F.R. Field rheostats. 
А and У. Low-tension ammeter апа voltmeter. F, Е, Exciter and alternator field coils. * 
G. Air-pressure gauge. y. Exciter. 


E. 
S. Stator of alternator. 


the natural cooling produced by the quickly expanding gas would of 
itself materially assist in the production of the desired peroxide. 
He used a flat-ended nozzle perforated with nine tiny holes. We 
did not think that this form could be the best for general purposes, 
and therefore decided first of all to examine different shapes of 
nozzles with the object of obtaining the best type for the work. 
After a short examination of various types, it was decided that a 
shape like that known as the “ Laval" nozzle would be best as a general 
type, and various sizes of these were made in glass and were measured 
and tested, as will be seen by the detailed results given later. 

With regard to the apparatus chosen, it may be said that the 
shape of flame approximated closely to a section taken between two 
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radii, about 60° apart, of the Birkeland disc flame. The air velocity 
through this section being variable admits of a very wide range of 
experiments both as to air quantity and consequent flame tempera- 
tures. Guides at the sides of the electrodes enabled the path of the 
air to be practically confined to the active area of the discharge, and 
this alone was found to make a considerable difference to the amount 
of acid produced. 

The conditions under which a discharge can be produced and 
steadily maintained with an apparatus of this sort first claim attention. 


Aluminium laval nozzle. 

Phosphor bronze sparking ribbons. 

Aluminium plate, carrying ebonite base E and adjustable on A. 
Terminals. 

Screw adjustment for gap-length. 


Pred TO Oo р 


PRODUCTION OF THE ELECTRICAL DISCHARGE. 


In a previous paper * various types of electrical discharge have been 
dealt with. It was then pointed out that all types of electrical discharge 
have usually been divided into three classes. 


I. The ordinary electric arc, essentially requiring low electrical 
pressure and large electrical current. 

2. The high-tension discharge between spark-points, essentially 
oscillatory. 

3. The silent discharge or glow, of which the so-called brush 
discharge is usually considered to be one form. 


It is necessary now to divide the forms of electrical discharge into 
five classes instead of three as follows :— 


I. Glow. 
2. Brush. 
3. Spark. 
4. Nitrogen flame (high-tension). 
5. Arc (low-tension). 


* W. Cramp and S. Leetham, British Association, 1906, and Electrician, vol. 57, 
pP. 769-775, 1906. 
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We shall consider all five types, and shall point out where one 
begins and another ends as far as possible. 

In the paper above referred to, it was shown that a discharge 
between points can, by gradual modification of the circuit arrange- 
ments, be made to pass through every form, from the glow to the arc 
successively, without any definite break in the volt-ampere curve. It 
was further shown that there was marked resemblance between the 
shape of the pressure-curve for such a series of discharges and that 
well known to exist between the same quantities in the direct- 
current arc. 


Kilo- Volts. 


Constant 
to OS amps. 


Е ЕШ 
MT LLLLL 


Measurements made on the low-tension side and altered by ratio of turns. 


Further experiments on the same lines have shown that, by 
gradual increase of the current supplied to the low-fension side of 
a transformer, a spark between points on the high-tension side can 
certainly be caused to pass through every form successively in the 
order—glow, brush, oscillatory spark, nitrogen flame, and flaming arc. 
A curve for a discharge regulated in this way is shown in Fig. 11, 
where, with gradual increase of pressure across a pair of points, a glow 
is formed between the limits А and В. At B a brush discharge is set 
up, which gradually passes between B and C into the oscillatory dis- 
charge or spark. At C the latter breaks down into the high-tension 
arc or nitrogen flame, which continues to exist with great fall of 
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pressure to the point D, after which the discharge is of the character 
of the ordinary low-tension arc. 

These characteristics and curves are correct so long as measure- 
ments are made on the low-tension side of the transformer, but if the 
readings of pressure and current be taken on the high-tension side, it 
is found that the transformer itself has considerable influence on the 
form of discharge. In order to test this, readings were taken using the 
30-k.w. 100,000-volt core-type transformer of the Municipal School of 
Technology. One series of results obtained is plotted in Fig. 13, where 
the letters used agree with those in Fig. 11. 
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5 10 15 26° 
Amperes in Primary. 
FIG. 12. 


Showing the resistance on the low-tension side. 


The great difference between Figs. 11 and 13 lies in the fact that 
the line BC is so much longer and so much more horizontal, and that 
C D has a negative slope in Fig. 13. | 

The meaning of this is as follows :— 

I. With such a transformer it is easy to make the silent discharge pass 
gradually and almost imperceptibly into the brush and then into the 
oscillating discharge, and this change can be made so gradual, that it 
almost defies the possibility of saying where the silent discharge 
becomes the sparking discharge. 
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2. With such a transformer the capacity in circuit is always 
sufficient to maintain the oscillating discharge, and consequently also 
the pressure of the circuit, over a wide range of currents. 

3. Directly the last trace of resonance ceases to exist the discharge 
breaks down into the ordinary arc, but so great is the difference 
between these conditions and those previously existing, that the 
pressure falls 14,000 volts (= 80%), and the current is reduced to less 
than a quarter of its original value. 

4. This great change is so swift that it is impossible to trace the 
precise moment at which it takes place, and, of course, as the line C D, 
slopes with respect to the X axis at an angle considerably less than 


Kilo-Volts. 


90°, it is absolutely impossible by any resistance or reactance 
inserted to obtain intermediate readings. Thus in such a case it can 
hardly be said that the discharge is continuous throughout its full 
length. It has been noticed that the part between C and B is so sensi- 
tive, that even the change of putting on a different electrostatic volt- 
meter was quite sufficient to modify the curve. 

As has been said, these tests were all taken with a large constant 
potential alternator, and the readings of volts and amperes were made 
direct on the high-tension side. It is doubtful whether we could have 
found this break by taking the reading from the low-tension side 
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(compare Fig. 12, in which the high-tension volts are measured on the 
low-tension side and multiplied by the ratio of turns). 

The wave-form of the alternator was nearly sinusoidal, and every 
effort was made to try to get the curve complete. These efforts, 
however, only resulted in obtaining the cyclic curve in Fig. 13. The 
readings were taken from O upwards to the point B, and then the 
pressure was increased, and the steadying resistance on the Iow-tension 
side was cut out till the curve was complete to the point D. After- 
wards the resistance was put gradually in again and the pressure 
adjusted accordingly, so that the curve returned along the loop shown. 
It is easy to see from these curves why each form of discharge has often 
been considered to be separate from the others. 

It will be noticed that at point B the shape of the curve changes ; this 
is still more marked at the point C, and is again visible at the point D,. 

Now a change in the shape of a curve means that different circuit 
conditions have to be adopted if the discharge existing at that 
particular point is to be steadily maintained. This originally led to the 
supposition that one apparatus would give one form of discharge, 
while another apparatus gave another form. The stability, however, 
of any particular form of discharge may be considered with reference 
to the change of pressure (6 V) which follows from a small change of 
current (6 A). 

It will be noticed that from A to B, in Fig. 11, the curve is almost 
ME is almost constant and positive. From BtoC 
the curve slopes down, showing that the ratio has changed sign, or, in 
other words, that the resistance decreases with increase of current. 
Similar reasoning, applied to the other points of the curve, leads us to 
the definite conclusions :— 


a straight line, so that 


I. That each particular form of discharge is distinct from the 
others in having a different ratio M 

2. The glow discharge is the only one that, throughout its range, 
shows no negative ratio. 

3. All the other forms have first a negative ratio, and then, 
usually, a positive ratio, as the current is steadily increased. 

4. The form of discharge with the biggest negative ratio is the 
third form, the high-tension arc or nitrogen flame. 


A study of the curve reveals the fact that the changes are almost 
sufficiently sharp to admit of each form. being clearly defined. We 
think that it is high time this was done, and we suggest the following 
definitions :— 


I. The silent discharge, or glow, shall mean the first discharge 
taking place between the electrodes in air, whose cha- 
òV.: ae 
racteristic ҒА is АП positive. 
VoL. 42. 21 
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2. The brush discharge shall mean that discharge taking place 
with a hissing noise accompanied by light purple coloured 
streamers projecting from the electrodes but not joining 


Y 


them. In this form of discharge the characteristic ; Á 
is nearly all negative. 
3. The spark discharge shall mean that discharge which succeeds 


7 
i 


the brush discharge, and whose characteristic M 


negative (advanced brush discharge) and then usually positive. 
4. The high-tension discharge, or nitrogen flame, shall mean that 
discharge which, as the pressure is further increased, follows 


is first 


7 
the sparking discharge, and whose characteristic A is first 


negative, then positive. 

5. The low-tension arc shall mean that discharge which exists 
when the current is carried by the vapour of the electrodes 
and the spectrum is predominantly that of the material of 
the electrodes. Its characteristic is first negative and then 
positive. i 


Chemical Characterislics of the Five Forms.—These are fairly clearly 
marked. As has been said, forms І and 2 include the glow and 
the brush discharge. They produce mainly ozone. Form 3, the 
disruptive or spark discharge, also produces a large proportion of ozone 
with a sensible proportion of oxides of nitrogen. Form 4 is an arcing 
flame made up of arc-threads carried into this shape by the action 
of the heated air to which it gives rise. Its temperature is far 
greater than either 2 or 3, and it is composed mainly of burning 
nitrogen, as is evident from the fact that a bottle inverted over the 
flame collects the well-known brown fumes of NO,. There is no smell 
of ozone with this discharge. Form 5 is the well-known low-tension 
alternating-current arc. It differs from 4 in the fact that the conduct- 
ing part is mainly composed of the vapours of the material of which the 
terminals are composcd. 

Effect of Exlernal Resistance.—It is evident that if at points B,C, or D 
(Fig. 11), a steady potential difference is applied to the points, the dis- 
charge will rush over the corresponding point on the succeeding part 
of the curve (if it exists), or practically a dead short-circuit results. If 
we consider some applied pressure V (Fig. 11), then the effect of a 
resistance in the low-tension circuit may be taken into consideration 
by drawing a line from the point V at such an angle a to the current 
axis that tan a = the resistance in circuit. 

If this line cuts the curve at points F, B, etc., each of these points is 
one at which the law of the electric circuit is fulfilled. It is evident 
that if tan а is greater than M for that particular point, the conditions 
are stable, so that by changing the resistance for each point of the 
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“curve and adjusting the pressure accordingly, any points on the curve 
may be obtained, which was the method adopted for obtaining Fig. 11. 
The impossibility of obtaining points between C and D, is now 
apparent, for such a resistance would have to be used as would corre- 
spond to the line C D, on the diagram, and this necessitates a voltage 
so enormous as to be hardly within practical limits. None of the other 
slopes, however, are so steep as to be impossible experimentally. 

Effect of Reactance.—Reactance of whatever kind inserted will have 
a precisely similar effect to resistance, so that a combination of resist- 
ance and reactance, such as an impedance, may be used for the same 
purpose. This brings us to the following conclusion. The part of the 
curve lying between F and C is difficult to obtain by the use of a 
constant-potential alternator and an ordinary transformer, because this 
combination possesses so little impedance as to allow the current to 
pass rapidly from point B to point D,. 

Very different is the case of the induction coil, which possesses, 
. normally, so large an impedance that it is easy to get the whole of the 
curve from A almost to C. 

From these curves the conditions which are necessary for any 
particular type of discharge can be roughly deduced. In subsequent 
references to the discharge we shall use the terms here adopted, and 
shall by this means refer each type to the corresponding portion of 
the curves in Figs. іі and 13. Thus, should the glow be desired, high 
pressure is evidently necessary, with a high resistance in circuit to pre- 
vent the possibility of the current turning over point B. If the sparking 
discharge is needed less resistance must be in circuit, but a limit is still 
necessary to prevent a sudden change to point D,. With regard to the 
comparative effects of resistance, inductance, and capacity, it may be 
pointed out that solong as there is very little oscillation in the circuit as 
between A and B, and between D, and D, resistance and reactance act 
similarly, and may be either on the high-tension or low-tension side, or 
even in the spark-gap itself, as, for instance, an insulating cover to the 
terminals or an intervening sheet of insulating material. Betwcen 
points B and C, however, capacity and inductance play a very important 
part as the discharge is maintained very largely by resonance. These 
oscillating currents do not appear to any great extent on the low- 
tension supply side of the transformer, which is shown by the curves 
of high-tension and low-tension volts (Fig. 12). 

The theory as to the existence of the different forms of discharge is 
discussed on pages 331, 332. 

Effect of a Current of Air blowing on the Discharge, or of a Magnetic 
Field across it.—Both the air-current in our apparatus and the magnetic 
field in that of Birkeland will have the same effect so far as the form of 
the discharge is concerned, for they will tend to cause any small arc 
set up to travel rapidly at right angles to the field or along the line of 
the air stream. Consequently, the instant an arc is formed it travels 
away from the point of formation, under the influence of the air stream 
or the field, getting longer as it proceeds, and probably smaller in cross- 
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section. . This continues until it becomes of a length such as Һе" 
terminal pressure will no longer support, when it is suddenly ex- 
tinguished, and another starts from the points. Whether this action 
is due to the field in the Birkeland process, or to the air stream in our 
system, or to the natural heating of the air in the horn arrester, the 
effect is precisely the same, and the only difference in the various cases 
is the length of the arc thread thus set in motion. 

Across the points themselves with this form of discharge there 
always exists the blue line of the oscillating spark, which continually 
renews the arc thread. We have never seen a nitrogen flame with- 
out this blue oscillating discharge, the actinic power of which is weil 
shown by its reversal of a photographic plate. 

Naturally, the effect of the travelling of the threads is to increase 
the mean length of the discharge so that the fall of voltage is much 


y Volts. 


Secondar 
E 


Primary Amperes. 


FIG. 14. 


less for a given change of current. This is well shown in the curves, 
Fig. 14, which should be compared with Figs. 11 and 13. It is clear 
from this that the effect of the air current or magnetic field is like 
that of inserting in the arc-circuit a resistance, for the lower part of 
the curve becomes like that for a longer air-gap. As a result of this, 
to maintain such a discharge does not necessitate anything like the 
same amount of external resistance or reactance, as is the case with a 
discharge of similar type without the air current. 

The Effect on the Flame of varying Air Velocity and Capacity and 
Current in the Spark-gap ; with Noles on the Gas Produced, and the 
Frequency and Appearance of the Discharge.—A full description of all 
the minute changes of colour of flame, of gases produced, and of 
changes in frequency with change of blast pressure and of primary 
current, would take up far too much room in a paper such as this, but 
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a very brief description will here be inserted in order to make the 
theories which follow more complete. 

When the current is very low the secondary discharge consists 
simply of bluish sparks slightly bent to the air current. If the 
air current be raised the voltage also rises and fewer sparks take 
the upward bent path. The addition of an electrostatic voltmeter 
across the points gives more blue sparks which take the bent path (at low 
air pressure), and also gives a couple of thick high-frequency discharges 
in parallel across the gap from the edges of the ribbon electrodes. 

With the voltmeter still attached, the discharge gradually changes 
as the air pressure is raised, till at the highest pressures employed on 
the blast (то 165. per square inch, or 3:63 cub. ft. per minute) the discharge 
consists of these two high-frequency oscillatory discharges only, no 
sparks being observed to take the bent paths. 

The gas given off all along with such arrangements is mainly ozone, 
and as the air pressure is raised the output of ozone increases, and 
the resulting gas comes off cooler. This discharge gives a marked 
oxygen spectrum. 

At a higher current (8 amperes or 10 amperes in our primary), the 
discharge at low air pressures consists mainly of a purple flame, 
in which a few bluish sparks take place. The addition of the volt- 
meter makes the flame richer in colour and the number and thick- 
ness of the sparks is increased. As the current of air is raised the : 
flame gets smaller in size, the high-frequency current increases, and 
the voltage goes up. The gas given off never changes to ozone 
at the highest pressure we could use, the current being too large for 
this. It may, however, be said that with a current of 5 amperes in the 
primary, nitrous gases are given off at low air pressures ; and that with 
no other change but the increase of volume of air supplied, the dis- 
charge can be made gradually to change inlo one giving ozone by the 
lime the pressure has reached the maximum of 10 lbs. per square inch. 
With unlimited available pressure this would presumably always be 
possible. 

At the full-load current for our apparatus (namely, 20 amperes), the 
discharge is very hot and more of the character of a low-tension 
alternating-current arc; under these conditions the oscillatory fre- 
quency is very low, and the nitrous gases given off are rather weak. 
As the pressure of the air blast is raised from these conditions, the 
output of nitrous gases goes up ; the colour of the flame changes to a 
deeper and richer purple ; and the temperature of the issuing gases 
goes down, whilst the oscillatory frequency and voltage steadily rise. 
The addition of the voltmeter raises the output, and this also gives a 
clearer and deeper coloured nitrogen flame. 

At high air pressures the flame becomes very stable looking and 
fierce. The addition of a capacity at each stage of the discharge 
makes these characteristics much more prominent, the effect at any 
given current and air pressure being, in fact, similar to an increase in 
the blast pressure in its effect, as shown by the following :— 
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I. It increases the oscillatory current flowing across the air-gap. 

2. It tends to make the discharge yield ozone if it does not 
already do so, and increases the output of ozone if it was 
already giving ozone. 


Variables to Бе dealt with Having shown upon what conditions 
each form of discharge depends, we may proceed to examine the 
chemical results obtained with the discharge between conductors as 
shown in Figs. о and 10. We have then the following variables to 
consider :— 


1. The effects of the use of nozzles of different diameter. 
2. Effect of change of current. 
"3. Effect of change of air velocity. 
4. Effect of alteration of spark-gap length. 
5. Effect of change of capacity of the circuit. 


The comparison of these variables was carried out as follows :— 

One variable having been decided upon, everything else in the 
circuit was kept constant, The air which passed through the discharge 
had a free exit, and a known portion of it was drawn off at a known 
rate by means of an aspirator through a flask containing a weak 
. solution of caustic soda of a known strength. 

This solution contained a little “phenol-thallene” as a colour 
indicator. As the gas was bubbled slowly through the flask the 
absorption of the oxides of nitrogen caused the indicator to lose its 
colour. The time taken for the colour to disappear completely was 
taken as a measure of the amount of acid produced in that time. As 
the bubbling was slow, and as, moreover, ozone did not affect the 
colour, the results obtained are fairly reliable relative figures. Each 
point on a curve is the average of a number of readings, and the 
consistency of the curves testifies to the efficiency of the method. For 
this means of detecting and measuring the acid we are entirely in- 
debted to Mr. S. J. Peachey, of the School of Technology. Attention 
should here be redirected to the complex nature of this discharge. It 
has been pointed out on page 314 that besides the nitrogen arc thread 
flames there is always a blue oscillatory discharge present, and on 
page 312 the rough distinction in the yield of these two types has 
been noted. We shall first direct attention to the general conditions 
governing the yield of peroxide from the flame (A), and afterwards 
examine the probable eftect of the presence of the oscillatory dis- 
charge (B). 

The ordinates used in the curves given are relative figures only, 
and may need a little explanation. 

* Relative amount of acid (N,0,) produced per minute” is а con- 
venient figure from which the true acid output may be obtained. 

“ Relative acid strength” is another convenient figure which repre- 
sents the concentration of the gas (N,O,) given off. From this figure 
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the true acid concentration may be obtained in grammes of N,O, per 
с.с., by simply multiplying by a suitable constant. 

Having calibrated a nozzle for cubic feet per minute due to a 
given pressure in lbs. per square inch. and having taken the time (/) in 
seconds for the indicator to turn colourless, it is possible to calculate 
the strength of acid produced and its amount in grammes of М,О, рег 
c.c. and grammes of М,О, produced per minute respectively. 

Let— 


А -= cubic feet per minute (total amount of air passing 
through the nozzle). 
| — time in seconds for the indicator to turn colourless. 


. In our experiment 25 c.c. of the test solution were used, and this 
quantity was found to be neutralised by о0'001164 grammes of N,O,. 

Knowing the time (/) for this operation, and the volume of gas 
sampled in that time, it is possible to calculate approximately the 
grammes of N,O, per c.c. of the resulting gas, that is, the “true acid 
strength." 

Then, knowing the cubic feet of air supplicd per minute to the 
nozzle, we can get the grammes of N:O, evolved per minutc, or the 
“true amount of acid produced per minute." 

Figures for. relative values are— 


=з for relative amount of acid produced per minute. 


and— 
25 for relative acid strength. 
Example.—Grammes of N,O, per minute, coming through the test 
bottle == 9901164 x 6o 


Since the gas was always taken over at a measured rate of 19:5 c.c. 
per second, the grammes of N,O, per c.c. in the gas will be— 


Goon ; this is true acid strength. 
t X 195 


Therefore grammes of М.О, produced per minute 


. O'OO0I 164 X (total c.c. of air supplied to nozzle per minute). 
m і х 195 | 


Our curves are based on ordinates “relative acid strength” and 
“relative amounts of acid produced per minute” for convenience of 
plotting. 

The true values may be obtained by multiplying the respective 
ordinates by the constants about to be determined. 
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True Acid Strength—The ordinate of the relative acid strength 
.. 100 
curves is ——. 
100 X Í X 105 


= 5'97 X 10-7. 


Thus any ordinate representing relative acid strength will give true 
acid strength in grammes of N,O, per c.c. when multiplied by K. 

True Acid Output.—Similarly the ordinates of the relative acid output 
curves may be multiplied by another constant, K', so as to give true 
acid output in grammes of N,O, produced per minute. 

100 A 


Relative amount of acid produced per minute is taken as т 


True acid output in grammes of М.О, produced per minute 


_ о'001164 (total c.c. of air supplied to the nozzle per minute). 
= іх 19°5 


0'001164 


і Х 105 
= 001085 approximately. 


К” then = 


х (с.с. per minute) x cou 


Thus when an ordinate marked “relative amount of acid produced 
per minute” is multiplied by this K’, the result is “true acid output of 
N,O, in grammes per minute." 

For exainple, take the largest acid output recorded in the experiments, 
where the ordinate “relative amount of acid produced per minute” is 
IO'I. 

The true acid output is— 


ІСІ X 0'01685 = 0'170 grammes per minute. 


The power used is 1:25 k.w. in this particular example, the primary 
current being 30 amperes. 
Grammes per kilowatt-hour 
= 0'17 X 60 X "n 
1'25 
Kilogrammes per kilowatt-year 


. 0*17 X бо X 24 X 365 
ni 1'25 X 1,000 
= 71'5 approximately. 
Taking the equation for the production of nitric acid from N,O, as 
being— 
NO, + H-O = HNO, + HNO, 


we get that 92 grammes of N,O, combine with 18 grammes of H,O 
and give 110 grammes of commercial nitric acid. 
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Therefore kilogrammes of HNO, + HNO, or commercial nitric 
acid, per kilowatt-year e 


=7r5 x оу = 855 


which, for a plant of such small capacity, is a large yield (compare 


P- 304). 
In the example given the time taken for the indicator to turn 
colourless was 36 seconds, so that the relative acid strength ordinate 


would be = : 
36 


100 
36 


= 1:65 X 107$ grammes of N,O, per c.c. 


True acid strength is therefore X 597 X 1077 


In connection with the above statements we again wish to call 
attention to the fact that we do not lay stress on the absolute values 
obtained in this work, but that chief importance is to be attached to 
the relative figures and to the direction in which they tend when 
considering the possibility of obtaining a maximum yield for a given 
apparatus. 


A. YIELD OF PEROXIDE. 


I. Effect of Change of Nozzle.—To begin with, nine nozzles (numbered 
consecutively) were tried ; of these numbers 1 to 8 were all of ће“ Laval" 
type. No.9 was the “Werner” 9-hole jet. For all of these, curves 
were taken connecting volume of air passed per minute and air pressure 
on the jet in lbs. per square inch. From these curves three nozzles— 
Nos. 4, 6, and 9 (No. 9 being the “ Werner" jet)—were selected, and 
preliminary tests were taken connecting relative acid output with cubic 
feet per minute at a constant current of ro amperes. The results are 
shown in Fig. 15. 

The practical deductions apparent from these curves are as 
follow :— 


I. The greater the amount of air passed by the jet for a given 
pressure, the greater is the maximum acid output. 

2. The greater the amount of air passed by any given jet, the less 
is the maximum acid concentration. 


From these two it follows that with increased quantity of air the 
amount of acid produced increases faster than the concentration 
diminishes, and therefore for a large yield per kilowatt-year with such 
an apparatus, a nozzle giving low concentration will probably be 
necessary. 

The shape of the curves is probably due to the fact that up toa 
certain maximum the increased temperature gradient increases both 
output and concentration, after which the decreased mean temperature 
reduces the maximum acid ever formed. The falling away of the 
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curve with large quantities of air tends to show that a point may be 
reached yhen, for a given current, no М.О, is produced. This is borne 
out by later experiments (compare Fig. 26). 

From these curves and the P.V. curve for the nozzles No. 4 was 
selected for further work, so that in all future curves the nozzle is one 
of the constants. 

II. Constant Nozzle, Constant Air-gap (=0'5 cm.)—(a) Varying cur- 
rent. (6) Varying pressure. i 

Figs. 16 and 17 show a series of curves each for one-nozzle pressure. 
The curves connect amount of acid with current, and concentration 
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with current, respectively. The practical deduction evident from these 
is that for this gap-length increase of current is invariably accom- 
panied by an increased yicld. It would seem as though there must 
be a limit to this, and we later show cases in which this limit is reached 
(Fig. 20). 

Figs. 18 and 19 are deduced from 16 and 17 respectively. The 
information on the curves is sufficient to indicate their meaning. They 
emphasise the deductions made from curve 15 in that the concentra- 
tion falls off rapidly with increased quantity of air, but the amount of 
acid produced increases rapidly up to a certain limit with the same 
conditions. 

Special interest attaches to the case of the curve in Fig. 16 for 10 lbs. 
pressure. It is the only case in which any crossing or overlapping 
occurs, and was consequently carefully checked. The explanation is 
to be found under the heading of “Effect of Frequency." - 
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IH. Effect of Change of Air-gap Lengith—In this case the first 
variable is current for each size of air-gap and for each pressure. 


. 9| by figures on curves, in Ibs: 
q: inch, г nozzle No.4. 


Relative amount of Acid produced per Minute 
> 


The different curves are marked with figures indicating the pressure 
in 165. and the air-gap to which they refer. The results obtained аге 
specially interesting, and may be followed in Fig. 20. It is seen that 
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when the air-gap is small there is clearly a current at which the yield 
is a maximum. This is quite in accordance with what might be ex- 
pected, in view of the fact that a large current passing through a short 


produced per Minute. 


Rel. amt ot Acid 
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Acid strength. 
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FIG. 10. 


gap would of necessity raise the mean temperature ; so that soon a 
limit is reached at which the increase of peroxide due to current is 
counteracted by increase of mean temperature and consequent dis- 
sociation. 
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The deductions from the curves may be summarised as follows :— 


т. Increase of current gives an increased yield up to a certain 
maximum for each length of gap. 

2. The greater the quantity of air passed through the gap the 
higher is this maximum for each gap. 


The shape of the curves at low-current values is very irregular and 
uncertain, for each curve should go finally through zero. This un- 
certainty is easily accounted for by the extraordinary changes in the 
discharge which take place at low eurrents, and which have already 
been referred to on pages 314 and 315. 


> 


Relative amount of Acid produced per Minute. 


In Fig. 21 curves are shown connecting the gap length with amount 
of air and concentration for various constant currents. The curves are 
in duplicate. -In the case of the upper curves an electrostatic voltmeter 
was connected across the gap for measuring the pressure, and for the 
lower curves the voltmeter was taken off. This effect of the presence 
of the voltmeter was very marked, and is referred to under the heading 
of “Frequency.” The curves have been plotted specially to bring 
out a point already more than once referred to, namely, that there is a 
maximum yield for each current corresponding to a given gap length, 
and though this maximum for each gap length is higher the greater the 
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current, yet to obtain the best results the gap length must be accom- 
modated to the current to be used. 

IV. Effect of Change of Frequency.—Professor Birkeland in his paper 
before the Faraday Society has the following paragraph :— 

* With regard to M. M. Kowalski and Moscickis method, these 
experimenters, having observed that the output of NO with a large 
number of periods is better than with the usual number of periods 
from ordinary alternators, oxidised nitrogen in high-tension flames of 
up to 50,000 volts with oscillating currents of from 6,000 to 10,000 
periods per second. | 
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“Тһе increase in the output, occasioned by the greater frequency 
of the current, as stated by Kowalski and Moscicki, is not produced in 
all forms of clectric nitrogen flames ; for I have made comparative 
experiments with machines of 50 periods and roo periods per second, 
and have not been able to detect any difference in the output in flames 
of the kind employed in the Birkeland-Eyde process." 

It would appear from this that Professor Birkeland thinks that even 
in his own arc the only frequency likely to exist is that of his generator. 
We think this idea must be at once removed from the minds of those 
considering these processes. Our impression is that under any circum- 
stances a high-frequency discharge is present, and that this materielly 
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affects the acid yield. If this is a fact, then such an experiment as 
that of Professor Birkeland is quite inconclusive. It is, indeed, quite 
possible that in the increase of the fundamental frequency Professor 
Birkeland actually lowered the oscillatory frequency of his discharge. 
We shall now give some results having a bearing upon this question. 
In Fig. 21 it has already been pointed out that the presence of the 
high-tension voltmeter altered the acid output. That this was due to 
high-frequency discharge is supported by the fact that the insertion of 
a hot-wire ammeter in the voltmeter circuit showed a very considerable 
resonance current to be flowing therein. Such a resonance current 
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would be proportional to the frequency of the oscillation, and conse- 
quently if we plot a scries of curves connecting this current with the 
main current, we obtain some idea of the frequency of the discharge 
and can see how it affects the output. Fig. 22 shows such a series in 
which the capacity current has been translated into periods per second 
as follows :— 

The various capacities in the surging circuit are calculated and 
added. 

The capacity of the Kelvin E.S. voltmeter (o to 6,000 volts) is given 
by the makers as o'ooo1 microfarads. This is an average value, since 
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the capacity of the voltmeter depends on the deflection, increasing 
with it. 

In our experiments for these curves the variation of voltage was 
about 1,200 volts, and any variation in capacity due to this has been 
neglected. 

The leads up to the voltmeter from the spark-gap being of known 
diameter, height above earth, and length, their capacity can be calcu- 
lated and added to the voltmeter capacity. A small allowance has to 
be made for the electrodes and hot-wire ammeter. Knowing, then, the 
capacity and current in the surging circuit and the voltage acting, the 
frequency of the oscillations can be calculated. It is only fair to point 
out that the actual frequencies across the gap at any instant may be 
ditferent from those given for the following reasons :— 


I. Voltmeter capacity varying with deflection. 

2. Even if the capacity in circuit remained constant the current 
taken for a given voltage is not necessarily proportional to 
the frequency, since it also depends on the wave-form. The 
wave-form is very likely altered with a change of current in 
the primary, since this leads to a wide range of capacity 
currents from o'I to об amperes approximately ; and these 
affect the regulation of the machine (with capacity currents 
of о'об ог 0°08 amperes (high tension) the machine builds up 
with increase of load). 

3. No allowance has been made for the capacity currents due to 
the leads out of the transformer, and although little surging 
current may pass through the whole secondary winding, yet 
the end terminals and turns may act as if they were resona- 
tors connected to the gap, and practically blank ends at the 
transformer winding. 


It may be stated that the capacity on which the curves are based 
is ОООО2 microfarads ; this is twice that given by the makers for the 
voltmeter alone. | 

Referring now to Fig. 22, it is immediatcly apparent— 


1. That the higher the blast pressure the more pronounced is 
resonance at certain currents. 

2. That the higher the blast pressure the higher is the value of 
the current at which oscillations are set up, and the more 
prominent they are. This result has special interest in view 
of the fact that greater air pressures have been shown to 
give greater acid yiclds, but it is still more interesting when 
considered in conjunction with Fig. 16 and Fig. 21. 


In the former case attention has already been called to the fact that 
the 10-lb. curve is very irregular. Closer examination shows that the 
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IO-lb. curve is that which shows the greatest resonance effect, and 
further, that the irregularity of the output corresponds with the changes 
of frequency. Thus between 2 and 15 amperes in Fig. 16 the output 
is most irregular, and it is just here in Fig. 21 that the oscillations and 
their effects are most pronounced. 

We have endeavoured to find out whether a very high frequency 
in the discharge always corresponds to high acid yield, but in vain ; 
for the subject is much complicated by the presence of morc than one 
frequency, and by the fact that such changes in frequency alter not 
only the pressure, but also the current flowing as well as the amount 
of ozone produced. We think, then, that while it must be conceded 
that the question of the effect of frequency is undetermined, if not 
altogether indeterminate, it must also be allowed that the presence of 
a high frequency, in so far as it admits of large capacity currents across 
the arc and probable production of ozone, is to be considered on the 
whole as likely to increase the yield of peroxide, which fact we consider 
is clearly proved by the curves іп Fig. 21. Consequently we conclude 
that Kowalski and Moscicki are probably right in thcir statement, but 
that the reason for the increase in the output is not to be found in the 
actual increase of frequencv, but rather in the increase of ozone due to 
this frequency as shown below. 

The yield of ozone by the oscillatory discharge has been shown (by 
Prépognot) to increase with the frequency used, and as we consider that 
the presence of ozone has no small effect in the formation of peroxide 
of nitrogen from the flame, we think that from this cause alone the effect 
of high frequency would be sufficient to increase the yield as shown in 
Fig.21. On the appearance of the discharge the effect of the voltmeter 
capacity is very marked. It causes the blue oscillatory discharge, which 
always exists across the points, to be much enlarged in thickness and 
brilliancy, though the area of nitrogen flame is hardly increased. This 
would agree with the theory suggested above, that part of the peroxide 
is due to the splitting up of ozone. 

Photographs of the discharge, Figs. 23 and 24, show clearly the 
effect of adding the voltmeter. 


Fig. 23. High-tension secondary current, o'04 amperes. 
Nozzle pressure, 10 lbs. per square inch. 
The best ozone discharge without the voltmeter. 
Fig. 24. High tension secondary current, 0°04 amperes. 
Nozzle pressure, 10 lbs. per square inch. 
High-tension pressure, 4,100 volts. 
Voltmeter current, оға amperes. 
The best ozone discharge that it was possible to obtain. 


The exposures were у second. 

The following is, then, our explanation of the increased output of 
acid, due to a capacity current flowing across the gap. In the first 
place, the current across the gap is increased by the presence of such 

VoL. 42. 22 
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a shunt capacity current ; and secondly, ozone is given off in the lower 
portion of the discharge ; and since this is more active than ordinary 
oxygen it is reasonable to suppose that more nitrogen will combine 
than before to form nitrous products. It will be noticed, on referring 
to the data for the photographs Figs. 23 and 24, that the capacity current 
due to the voltmeter exceeds the current due to the fundamental wave 
by about ten times; but the increased output of acid due to this seems 
to be only about 5 to 10 per cent., this depending on the variables 
already enumerated. 

From this it would seem as though a large high-frequency current, 
such as we obtained (o'4 amperes, 100,000 to 200,000 periods per 
second at 4,000 volts), is too high for efficient working, but it is pos- 
sible that at lower frequencies, such as used by Kowalski and Moscicki 
(6,000 to 10,000 periods per second), the efficiency may improve again. 
Similarly by further reducing the frequency it is very likely that the 
efficiency may decrease again. 

In confirmation of the above explanation of the increased output 
due to the ozonised air coming from the high-frequency portion of 
the discharge, it may be stated that we have tried an experiment as 
follows :— 

The air supply was passed through an ozoniser on its way to a spark 
chamber which contained the nitrogen flame. When the ozoniser was 
working the output of NO, from the flame was found to be increased 
by 20 to 100 per cent. depending on the current, air-blast, etc. 


B. EFFECT OF PRESENCE OF OSCILLATORY DISCHARGE. 


I. Spectroscopic Examination of the Discharge-—We now pass to the 
effect of the presence of this oscillatory discharge, which is only to be 
examined by means of the spectroscope. 

By examining a discharge, such as shown in Fig. 24, where the 
frequency is very high and practically pure ozone is being given off, 
and by then arranging suddenly to switch over to a powerful nitrogen 
flame, we observe the following prominent and characteristic changes in 
the spectrum :— 


1. The distinct red line at the end of the red spectrum disap- 
pears, leaving only a slight red band further to the right or 
blue end of the spectrum. 

2. The single yellow line of the oxygen spectrum is eliminated, 
and the two characteristic yellow lines for nitrogen take its 
place. These lines come conveniently one on cither side of 
the D line for sodium. That the two lines observed were 
those belonging to the nitrogen spectrum was tested as 
follows :— 


When the steady nitrogen flame was running, a speck of 
sodium salt was inserted into the discharge whilst the 


FIG. 23. 


Amperes, 0°04. 10 Ibs. per square inch. 
Rest ozone discharge without voltmeter. 


Ampercs, 0°04. V = yioo. 
10 Ibs. per square inch. Voltmeter current, 0-4. 
(COmpare with Fig. 23.) 
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yellow part of the spectrum was very closely watched, 
It was observed that the sodium line D came in very 
distinctly just between the two yellow lines already 
existing. | 


3. When the portion of the oxygen spectrum F {о G was observed 
there was with our spectroscope practically a blank. When 
the nitrogen flame discharge was switched on, a very distinct 
band of blue-green appeared just before line F. This line 
or band is very prominent indeed. Other lines are not so 
distinct or conclusive since the majority of the oxygen and 
nitrogen lines are too intermingled, so that the change from 
the one to the other could only be noted with our apparatus 
by observing the more prominent lines. 

4. It is also interesting to note that in one and the same discharge, 
if the voltmeter is connected up we get the spectrum of 
nitrogen prominent in the upper or purple part, and 
of oxygen prominent in the lower oscillatory part. To 
see this to full advantage a fairly heavy current (15 to 
20 amperes) and very large blast pressure (10 Ibs. per square 
inch) should be used. It should also be noticed that the 
nitrogen spectrum never quite disappears when observing 
the oscillatory discharge, and similarly the oxygen spectrum 
never quite disappears from the spectrum of the nitrogen 
flame. 


An experiment which bears out the above observations was made, 
in which a glass tube of small diameter was inserted into the high- 
frequency oscillatory portion of the discharge. Gas was then drawn 
off and tested, and was found to be rich in ozone. Ву suitably placing 
the tube in the discharge air mixed with ozone could be obtained, 
whilst higher up in the same discharge, air mixed with nitrogen oxides 
was obtained. 

Further Explanation of Extra Acid Yield Due to Capacity.—When 
the voltmeter is connected up we get a large band of high-frequency 
discharge which gives ozone. Assuming the main primary current 
to be kept constant, there will be the same high-tension current in the 
secondary of the transformer. That is, the current of the fundamental 
frequency is unchanged, hence the nitrogen portion of the flame is 
practically unchanged also. There is due to the voltmeter, however, 
a high harmonic or surging current flowing which gives large outputs 
of ozone. This is taking place below the nitrogen flame, and being а 
highly ionised oxidising gas, it is quite reasonable to suppose that it 
combines with nitrogen in the nitrogen portion of the flame. "This 
combination would not take place if the oxygen had not been ozonised 
or ionised. Thus the output of oxides of nitrogen is raised, for a given 
power input, by the simple addition of an clectrostatic voltmeter taking 
an idle or wattless displacement current. 

Dissociation of Gases after Formation.—From the results of tests 
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taken with cooling devices through which the gases had to pass on 
their way to the acid-testing apparatus, we conclude that the tem- 
perature of the issuing gases (хі2., 125° С.) is quite high enough to 
cause considerable dissociation. If the gases be fairly suddenly cooled 
to about 24° C. after leaving the dome of the apparatus (by being 
passed through a cooler consisting of a length of about 20 ft. of small 
diameter lead tube coiled up and immersed in a tank of water at 
20° C.) an increased yield may be obtained ranging from 10 to 
25 per cent. i 

Ionisation of Gases after Formation.—Experiments with a Tesla coil 
connected to metal plates between which the gases have to pass on 
their way to the testing apparatus show that an increased output may 
be expected of from 5 to 20 per cent. in our case, depending upon the 
conditions existing. | 

The fact that ienised molecules of oxygen and nitrogen pass through 
an electrostatic field means that some of the uncombined elements may 
be forced together with such a velocity that chemical combination 
takes place between them. In this way an additional amount of per- 
oxide is formed to the extent as stated above, of from 5 to 20 per cent. 
of that produced in the flame. 

It seems then as though (in addition to very rapid cooling of the 
gases) an electrostatic field, applied in such a manner that the gases 
come into its influence immediately after formation, would help to 
a large extent to prevent the peroxide from dissociating till the tem- 
perature falls to such an extent that further dissociation can be 
neglected. 

As sparks were noticed occasionally passing between the plates in 
the above test, it was thought to be as well to test for acidity with the 
nitrogen flame not running, but with the air blowing between the 
plates, in order to show that the increased acid yicld was not due to 
the spark. No acidity could be detected in ten times the quantity of 
air usually sampled, and needed to turn the indicator colourless ; 
hence the increase in yield with the electrostatic field on is due to 
combination (or recombination) of oxygen and nitrogen at a tem- 
perature of 125? C. or less. 


AGREEMENT OF THEORY AND PRACTICE. 


lonisation Theory.—We shall now proceed to show that the whole of 
the electrochemical phenomena herein discussed may be explained on 
recognised ionisation and electrochemical hypotheses, but that a con- 
siderable amount of work still remains to be done before the exact 
output limit or proper arc efficiency can be stated. First, then, as regards 
the form of discharge, we may point out that the pressure-current curve 
agrees with that theoretically propounded. 

When first the potential difference is applied across the points, the 
electric field is very strong near them, and very weak near the centre. 
As a result, any ions produced near the points never reach the centre of 
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the field; and since they are acted on by an alternating field, they are 
alternately driven out some distance and recalled. An increase in the 
pressure results in the motion at either pole getting more intense, so that 
with increased movement of the ions a glow appears at either pole. 
With further increased pressure the glow extends across from point to 
point as a double luminous cone, and at this time the velocity of the 
corpuscles is probably enough to produce ionisation by collision. 
Further increase in the strength of the field results in not only the pro- 
duction of more ions from either side, but in the more rapid and 
complete interchange of the ions as they pass from one pole to the 
other. So soon as the stage is reached when free interchange can take 
place and when the kinetic energy of the ions exceeds the critical value 


Voltage. 


necessary for ionisation by collision, there must be a corresponding 
reduction of the apparent resistance of the path. This leads to a 
ô V 

А: The 
heat of the terminals and consequent increase of corpuscles, with their 
production in turn of more ions by collision, leads to further reduction 
in the resistance of the path, so that the current is further increased. 
So rapid is this, that it accounts for the part of the curve in Fig. 11 
marked CD,. At this point further ionisation is assisted by the heat 
produced, until the terminals themselves probably supply the whole of 
the necessary corpuscles. When this happens the spectrum shows the 
character of the material of which the terminals are made, and we call 
it “the low-tension arc.” That ionisation is very active in the produc- 
tion of the discharge may be shown by taking a tube of glass and 
placing it over the nitrogen Hame when blown out by an air current. 
It is seen at once that the glass becomes iridescent exactly as if excited 


formation of brush discharge with the first negative value of 
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by cathode rays, and further, any gas taken from the flame immediately 
discharges an electroscope. 

Another pretty experiment is that of allowing a jet of steam to cross 
the path of the electrically produced gas, when condensation is seen to 
take place where the gas crosses the steam. 

Now Topler* has, from facts similar to these for a continuous- 
current discharge, derived the theoretical curves shown in Fig. 25. 
When these are compared with Figs. 11 and 13, the close agreement 
in general form is very marked. Sir J. J. Thomson has shown that if 
the ionisation of air be taken as unity, then for oxygen it is 2 and for 
nitrogen itis 0695. We may therefore assume that when electric stress 
first occurs across an air-gap, the oxygen is ionised before, or to a 
greater extent than, the nitrogen ; and the smaller currents at this 
period are probably carried by the oxygen ions alone. This leads to the 
formation of ozone, or to the burning or oxidation of oxygen itself. 
Thus when the air velocity through the air-gap is high, so that the glow or the 
brush only exists, the current is possibly carried exclusively by oxygen ions, 
and hence the oxygen and ozone spectra only appear, and the gas smells 
strongly of ozone. 

As the field becomes stronger the nitrogen is ionised, and the brush 
gradually gives way first to the spark (which shows little nitrogen 
peroxide spectrum), and finally to the nitrogen flame. 

The temperature is undoubtedly far greater for this form than for 
the preceding, and the “ body” is greater, for a draught of air hardly 
effects the ozone discharge, but blows the nitrogen flame about easily. 
This is explicable both on the ground of the oscillatory nature of the 
ozone discharge and also from the relatively small proportion of oxygen 
to nitrogen present. 

The above theory is borne out in actual working by the following 
facts :— 


I. Àn electric current which at low air velocities produces nitrous 
gases will produce ozone if the air velocity is only sufh- 
ciently raised, the circuit conditions remaining absolutely 
unchanged. 

2. When the discharge is producing nitrous gases in large quanti- 
ties at high currents (especially if the electrostatic voltmeter 
is connected), the lower portion of the discharge is seen to 
consist of oxygen or ozone (by spectroscopic examination 
and also the test with the tube). | 


As regards quantitative results made from ionisation formule, it is 
easy to show (from Rutherford’s formulae) that the initial velocity of 
the ions produced at the electrodes may be of the order of 1,000 cms. 
per second when ozone is being produced, but that when the nitrogen 
flame is present their velocity is far greater. Birkeland considers that 
it must be of the order of 100,000 cms. per second. 


* M. Tópler, Annalen der Physik, vol. 7, p. 477» 1902. 
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The agreement of the quantity of gas actually formed with that 
which theoretically might be ionised under given conditions is very 
poor. Nor with the present state of knowledge could it be otherwise, 
for the data available as to the number of ions which may be formed in 
a cubic centimetre of air have been ascertained for limited tempera- 
tures and pressures only, while we are dealing with temperatures 
probably of the order of 2,000? C. and with enormous pressures. 

The sole result of such calculations is to lead to the conclusion that 
the current carried in the arc threads must be far greater than the 
saturation current in air at ordinary temperatures, indeed, probably 
one hundred times as great. 

A simple calculation of the current densities in some of these arc 
threads is here of interest. 

The following example of the current density that may exist in the 
arc threads of a nitrogen flame is very approximate, and must only be 
taken as giving an idea of the order of magnitude of the density. 

The diameter of the arc threads was obtained by rapidly drawing 
a piece of very thin hard-texture paper through the discharge. The 
holes thus made will be approximately the diameter of the arc thread. 
(It may also be mentioned that if the rate of drawing the paper through 
the flame is constant in different experiments, the number of holes. 
per centimetre-length gives a very good idea of the frequency of the 
discharge.) 

Diameter of arc threads = 0'002 cms., 
Current in secondary ... — 0'2 amperes, 


from which we get the amperes per square centimetre in the gap as 
equal to 66 x 103, It is interesting to note the vast difference in 
output in Birkeland's lame and ours, and also to compare the current 
densities employed. 

Taking an example from Birkeland's paper, in which— 


Diameter of arc threads = oor cms., 
Current in secondary ... = 150 amperes, 


we get the amperes per square centimetre in the gap as equal to 
2 X 10°. 

Putting together these two calculations we arrive at the conclusion 
that the ionisation at these very high temperatures is very much greater 
than anything hitherto measured. This hardly agrees with the experi- 
ments of R. K. McClung,* who found that with constant pressure the 
ionisation was inversely proportional to the absolute temperature, 
whilst with a constant density the ionisation was independent of 
temperature. 

In view of the enormous pressure, as well as temperature, which 
exists in the flame, agreement could hardly be expected, but it is 
interesting to refer to the investigation carried out by Sir J. J. Thomson f 


* Philosophical Magazine, ser. 6, vol. 7, p. 81, 1004. 
+ J.J. Thomson, “Conduction of Electricity through Gases," p. 294, 2nd ed., 1906 
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on this point, from which he concludes that the ionisation ought 
really to vary with the temperature more than is consistent with 
McClung's experiments. 

Most writers have taken little note of the pressure in thespark. On 
this account the following figures have been inserted, based again on 
the assumption that tlie diameter of the spark in our nitrogen flame is 
0'002 cms. 

Assuming our capacity for the discharge circuit is equal to 0:0002 
microfarads, as estimated before, and that the voltage is 5,000 volts— 


Volume of spark = 0000006 c.cs., 
Ergs per c.c. ... = 8'3 X 109, 
and Atmospheres ... = 5'5 X 103. 


In Birkeland's sparks (if we may take the pressure to be proportional 
to the current density) the pressure will be of the order of 1:8 x 10° 
atmospheres. 

It is impossible, we think, to deduce any other useful results from 
the ionisation phenomena at present measured. Before anvthing 
definite can be stated, we must have an idea of the change of 
ionisation produced by variations of temperature as well as variations 
of pressure. 

It is interesting to note that temperature and pressure seem to be 
interchangeable in these reactions, for reference to page 303 will show 
that with great pressure a Nernst glower will produce peroxide. 
Possibly, therefore, ionisation takes place under great pressure more 
easily. 

In support of this contention, J. Perrin* has shown that the saturation 
current between parallel plates increases in proportion to the pressure, 
and consequently the ions produced per c.c. must also be proportional 
to the pressure. It follows that with pressures such as those men- 
tioned above, the rate of production of ions may be enormously 
increased over the values at ordinary temperatures and pressures ; 
and, indeed, there is then nothing extraordinary in the values quoted 
on page 333. 

With regard to this point, we carried out a test with Nernst glowers 
in a current of air at ordinary pressures, but could not detect any 
peroxide formed, even though the air impinging on the filaments were 
ozonised. 

Electrochemical Theory.—' The thermo-chemists think that the action 
whereby the peroxide is produced is neither a purely electric nor 
chemical phenomenon, but only a thermal action. 

Their view is that at all temperatures a combination and dissociation 
of oxvgen and nitrogen take place to an extent depending upon the 
temperature, and increasing with it. 

At 3,000? C. there is, in this way, 5 per cent. of the air changed into 
peroxide, and unless this is cooled extremely suddenly there will be a 
steady loss of peroxide as the temperature decreases, until at ordinary 


* Annales de Chimie et de Physique, ser. 7, vol. 11, p. 496, 1897. 
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temperatures the percentage of peroxide present in the air is practically 
nil. If, however, the cooling takes place very rapidly indeed, the 
peroxide formed at the high temperature will not have time to disso- 
ciate, and in this way alone can a large yield of peroxide be obtained. 

In connection with the production of peroxide on this hypothesis, 
Nernst has given a formula (Nachrichten der Königlichen Gesellschaft, 
Gottingen, 1904) from which Birkeland deduces values for the peroxide 
produced per minute corresponding to different temperatures. Now 
change of current must change the temperature of the arc almost in 
proportion to (current)? with a given amount of air and length of 
air-gap. 

We have plotted such figures calculated оп a base of ,//2 C. instead 
of P C. This Jf? should be roughly proportional to the current. 

The shape of the curve thus obtained, Fig. 25, should be compared 
with our Nos. 3 and 4, Fig. 20, which show the connection between 
output and current, and suggest the explanation of the yield of per- 
oxide referred to on page 320. Besides this the calculation for pressure 
which we have just made suggests that the diffusion from the centre of 
the arc, thread outwards, must be so enormous as to give a temperature 
gradient sufficient to fix a good proportion of the peroxide actually 
formed, provided that it is removed from the neighbourhood of the 
flame fast enough ; that is, there will be on this assumption an air 
velocity for which the output will be a maximum ; this again agrees 
with the curves, Fig. 15, for different nozzles, and, Fig. 21, for different 
spark-gaps. The agreement also between theory and practice in the 
shapes of the curves between volume of air and % NO, is very good. 

Further, the fact clearly shown in Fig. 18 of the maximum yield- 
point occurring at lower air velocities for the smaller currents is also 
explained. The whole series of tests that we have taken clearly lead to 
the belief that the equations of Nernst are applicable, and it would 
seem as though it were possible to apply them direct if we only knew 
the temperatures existing in the flames. 

As the result, then, of applying these theories we conclude that per- 
oxide is formed in the arc by the combined agency of great temperature, 
great pressure, and great temperature gradient ; that temperature and 
pressure may be interchanged, and that it is practically useless to 
attempt to set a limit to the maximum efficiency attainable till these 
relationships are better understood. 

As regards practical deductions, which may be made from the tests 
described and plotted, we may call attention first to the great im- 
portance of adapting gap, current, and air blast to one another ; for it 
is evident that changes of yield to the extent of 50 per cent. or more 
may be obtained by slight variations of either factor from the best 
obtainable. 

Again, it may be noticed that as regards quantity of air forced through 
the flame the maximum acid yield does not for a given current occur 
at the same point as the maximum acid strength ; consequently there is 
reason to doubt the value of using a magnetic field (as does Birkeland) 
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to spread out the flame. It would appear from rough estimations 
made on the Birkeland-Eyde process as if the efficiency of this system 
was such as to lead to the belief that a very good proportion of the 
maximum possible yield was being obtained. We feel that this is 
a most important point, for if this be true then it is hardly possible to 
compete with the cyanamide process in point of view of cost. If, on 
the other hand, by making use of— 


A. The most favourable velocity, 

B. The most favourable gap-length, 

C. The introduction of ozone, 

D. The instantaneous cooling of whatever gas is produced, 
Е. Fixing by subsequent electrification, 


Grammes of NO. produced per minute. 


> ` 60 70 80 90 


/A °C. which із approx. ое current. Com 
with Curves I & IV Fig. 16. ass 


Fic. 26. 


much better yields may be expected, then it is well worth while 
proceeding on these lines in a large plant with the object of rendering 
the production of NO more economical. 

There are many points which we have not in this space been able 
to touch on, but which, nevertheless, have received attention in the 
matter of special tests. We may briefly mention— 


I. That dissociation always is accompanied by marked ionisation, 
which can be measured with an electroscope. 

2. To such an extent is this true that if the gas is not capable of 
discharging an electroscope fairly rapidly it may be taken for 
granted that it is not dissociating to any great extent. (We 
have used this as a valuable test.) 

3. Guiding the air carefully through the flame increases the yield 
very much, even to as great an extent as 15 per cent. 
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Reverting now, then, to the creeds of inventors, we think we are 
justified in saying that those processes which rely on intimate mixing 
of the air alone, such as Nos. 2 and 5 on page 300, are not likely to be 
successful; that it is easily possible to exceed the temperature (or 
current) at which a given amount of air will give its maximum yield, 
so that it is not of any use to rely on temperature alone ; that high 
frequency is not responsible for a greatly increased yield apart from 
the presence of ozone (No. 3) ; and finally, that the length and thinness 
of the arc are not of importance unless entailing large current density 
(No. 4). 

We are aware that we have only touched the fringe of the subject, 
but think that the tests, if taken up where we leave them, will enable 
the next research to prove more definite. 

In concluding, we desire to express our thanks and indebtedness to 
the Principal and Committee of the School of Technology, to the 
Professor and staff of the Electrical Engineering Department, to the 
directors of Messrs. Henry Simon, Ltd., and Messrs. the Flour 
Oxidising Company, Ltd., and to Mr. Peachey for help and suggestions 
on the chemical work. 
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DISCUSSION. 


Professor SILVANUS P. THOMPSON, F.R.S. (communicated): Messrs. 
Cramp and Hoyle's paper gives a very interesting résumé of the various 
suggestions that have been made for the production of nitrates from 
the air by electric discharges. Their own experiments are also 
extremely suggestive and valuable as throwing light on the mole- 
cular processes at work. 

I think the authors have hardly appreciated the importance of 
the spontaneous further oxidation of the gases which are formed in 
the passage of air through the flaming arcs used in the process of 
Birkeland and Eyde. The gases after leaving the furnace are not 
treated with water or lime until they have been allowed to remain 
(and cool) a considerable time in large oxidation chambers. If this 
were not done a very large proportion of the liquid formed in the 
water-towers would be nitrous acid instead of nitric. 

It seems to me that the 9oo kilogrammes of nitric acid per kilowatt- 
year is too high a figure for the average commercial yield of this 
process. If I remember rightly, goo was an exceptional figure, not 
an average one, the average being nearer боо. It is well that there 
should be no exaggeration; and I happen to know that in calcu- 
lating the commercial project for the new and enlarged factories in 
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Norway the experts expressly took a lower figure so as to have a 
margin of safety in their calculations. The large-scale working of 
the new factory at Notodden has certainly shown a higher economical 
yield than that assumed in the estimates. 

The authors mention the cyanamide process, though this does not 
produce nitrates. There is no doubt that the two successful processes 
to-day are the nitrate of lime process and the cyanamide process ; but 
though both of these take nitrogen from the air, the products are of 
different character. Nitrate of lime proves to be just as satisfactory 
for agricultural purposes as nitrate of soda, and in the case of heavy 
clay soils the lime in it gives it a preference. Cyanamide, on the other 
hand, is akin to sulphate of ammonia rather than to nitrate of soda, and 
competes with the former rather than with the latter. Every agri- 
culturist knows how far superior nitrate of soda is to sulphate of 
ammonia as a top dressing ; and apparently nitrate of lime is similarly 
preferable to cyanamide. Moreover, nitrate of lime has certain impor- 
tant applications in the coal-tar colour industry for which cyanamide 
will not serve. A recent result of careful observations in Norway is 
that nitrites, hitherto regarded in agriculture as deleterious, are just as 
useful to vegetation as nitrates. This will enable a cheaper product of 
the electric oxidation furnace to be put into commerce. 

All electricians will do well to study the authors’ discussion on 
pages 308 to 312 of the five types of electric discharge. Much vague 
and loose use is often made of the terms “brush” discharge and 
“ glow” discharge, and often the production by sparks in the air of 
nitrous gases is confused with ozone. In fact, it is quite common to 
find any smell produced by electric discharges described as the smell 
of ozone. 

Мг. W. DuDDELL: I have had the pleasure in the past of doing a 
little work with alternating-current arcs, and reading the paper has so 
interested me that it has rather incited me to start experimenting 
again. First of all, I should like to refer to Figs. 11 and 13. I am not 
quite sure whether I understood Mr. Cramp correctly in saying that 
the data of these figures is deduced from the readings on the primary 
side of the transformer. So far as Fig. 13 is concerned, I cannot quite 
see how an arc, or a glow, or a brush discharge can very well have 
two stable conditions corresponding to a definite current. One would 
rather think that the arc would pass into the condition requiring the 
smaller expenditure of energy, and that it could not be maintained 
under both conditions. Iam led to suspect that there must have been 
some other variable beyond the current which was actually altered in 
this figure, and that therefore it should be drawn in three dimensions 
instead of two. Some of the authors' remarks with regard to the effect 
of the electrostatic voltmeter led me to think that the phenomenon is 
not as simple as it looks in the curve, and that we do not know what is 
meant by the current values. I assume that they are the root mean 
square values. We do not know the maximum; we do not know 
whether these are a series of current rushes with high maxima, or 
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Mr. Duddell. whether it is a perfectly regular alternating current. We want to know 
a little more of the wave-form of the current through these discharges 
before we can be clear as to what is meant by the curve in Fig. 13. 

With regard to Fig. 14 on page 314, I should like to ask the 
authors whether it is a clerical error or whether it is a fact that 
if I blow a discharge with a higher air-pressure I require less volts 
to maintain the discharge. One's impression of the arc in the past 
has been that if one blows it, a higher voltage is always required to 
maintain it, so that I am not at all clear as to what has occurred in 
these curves. Is it really a fact that these peculiar discharges require 
less voltage the harder one blows them, or is there something wrong? 

On the same page the authors say, in the second paragraph, 
"Across the points themselves, with this form of discharge, there 
always exists the blue line of the oscillating spark." One is not 
accustomed, in wireless telegraphy, to look upon the blue spark as 
being the oscillating spark, and I venture to ask how they know that 
this is really the oscillating part of the discharge, and whether, when 
they say oscillating, they mean oscillating in the sense we use it in 
wireless telegraphy ? I should also like to ask what the authors mean 
in Fig. 22—the curves between frequency in cycles per second and the 
current in the primary in amperes—in which resonance points are given 
on the curves. The usual meaning of the word resonance is corre- 
spondence in frequency between the exciting source and the circuit 
that is able to swing—between the periodic force and the oscillating 
body. I should like to know what was the periodic force here. Was 
it the frequency of the alternating supply that was resonated at point A 
on the 10 lbs. per square inch curve, or what was it? It seems to me 
that, in the discharges that Mr. Cramp is working with, we can pos- 
sibly have two frequencies. First of all, there is the frequency of the 
supply. Secondly, there is the frequency of the interruptions of the 
sparking across the gaps ; because the spark can occur across the gap 
between the electrodes more than once per half-wave, This effect is 
quite well known, for instance, in wireless telegraphy, and is spoken of as 
multiple sparking. Therefore I should like to know what was reso- 
nated in Fig. 22. I have already referred to the question of the wave- 
form of the current in one of the figures; I should have been very 
much interested to have seen what the wave-forms of some of these 
discharges are, because I think some of them must be extremely 
complicated, and that therefore the root mean square values of the 
quantities do not convey to us detailed information as to exactly what 
is going on. 

Coming to the more practical side, these very interesting curves, 
giving the output in nitric acid or nitrous oxide, are all plotted, as far 
as I remember, in terms of the amperes in the primary. The amperes 
in the primary in a transformer of the type the authors are using will 
depend very little on the power that is being taken out of the secon- 
dary ; in fact, I have no doubt the authors have found already that by 
putting certain lengths of leads on to the secondary of the transformer 
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they can take the amperes up and down irrespective of the load. It 
is purely a matter of the relation between the self-induction and 
capacity of the secondary circuit what amperes are taken Бу the 
primary, irrespective of the load. It would have been of great 
' interest if the authors had given us the true watts that were really 
used, because I take it, in the commercial application of this thing, we 
shall want to know how much power we are going to use. In one of 
the curves which showed twice or three times the output, it may be 
that there was two or three times the power put in, because the condi- 
tions of the circuit were altered in such a way that although the 
amperes and the volts remained the same, the power factor had 
become better. The effect of putting on the electrostatic voltmeter 
really suggests this to me. If this was a high-tension transformer of 
the ordinary type, with considerable self-induction in the secondary 
winding, the putting on of the electrostatic voltmeter might consider- 
ably improve its power factor, and therefore the real reason the 
output in acid was greater was because more power was used. 

I have listened to the paper with very great pleasure, and I hope 
the authors will not think that these remarks are in any way intended 
as criticisms ; they are simply points on which I should like further 
information. 


Mr. С. М. HUNTLY : Since the greater part of the work described іп M 


the paper consists in measuring the proportions of nitric acid produced 
under various conditions, it is clearly desirable that the term nitric acid 
should be clearly defined. Nitric acid might have two meanings in 
commerce, the strengths being approximately roo per cent. and 70 рег 
cent. The former is commercially obtainable, but it is the latter, distill- 
ing practically without decomposition, that is usually understood as 
commercial nitric acid. The figures in Table I. would appear to be 
on the 70 per cent. basis. The authors’ definition describes the 
commercial acid (page 318) as a mixture of nitrous and nitric acids in 
equimolecular proportions, derived from the equation— 


N,O, + H,O = HNO, + HNO, 


Such a mixture is certainly not “commercial nitric acid," and the above 
equation does not represent the changes actually taking place in the 
production of nitric acid or nitrates in existing electrical processes, as 
has already been pointed out in Professor Thompson’s communication. 
For each 28 grammes of nitrogen oxidised the actual yield is nearer the 
theoretical 126 grammes of 100 per cent. nitric acid (or 180 grammes 
commercial 70 per cent. acid) than the 110 grammes corresponding to 
the authors’ equation, and to be comparable with the figures in Table I. 
their yield should be recalculated accordingly. As regards the method 
used for the estimation of the nitrogen oxidised in the various experi- 
ments, my experience, derived from tests of a fairly large plant of this 
nature, suggests that the simple wash-bottle absorber used by the 
authors might lead to a loss of nitric oxide. It was found necessary 
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in the above-mentioned tests to employ large scrubbers filled with glass 
beads, which were kept wet with a stream of alkaline solution. Another 
troublesome source of error in these estimations arises from the presence 
of moisture in the air, and this gives rise to droplets of nitric acid in the 
connecting tubes. The strength of the acid in these drops goes on 
increasing, and the acid thus formed may represent an appreciable 
proportion of the acid produced. On the small scale of the experi- 
ments described in the paper such drops might account for the curves 
crossing at certain points. 

Another question which might with advantage have been discussed 
by the authors is that of concentration of the gas in nitric oxide as 
apart from the output of nitric acid per kilowatt-year. The gas рго- 
duced by the Birkeland-Eyde plant contains about 0°75 per cent. of 
nitric oxide (NO) by volume, but in modifications by later workers the 
percentage has been raised as high as 2 or 24, but with a reduction of 
acid per kilowatt-year. If nitric acid is produced directly from the 
gases, this means that a higher concentration is possible ; it also means 
a smaller capital expenditure on absorption plant, and might possibly 
prove more economical, even with the slightly higher x auch of 
energy per unit of nitric acid. 

Dr. Н. Вовхз: The chief interest of the research lies in the con- 
tinuous discharge curves and the electric features with which Mr. 
Duddell has dealt. There is little chemistry in the paper. The authors 
give a literature list which is defective. I should like to make a few 
additions to that list. Not in any critical spirit—for the authors had 
to limit their very instructive paper, and I am very sorry to hear that 
they are unable to continue their promising line of rescarch— but 
because I wish to attach my remarks to the omissions. The authors 
speak of W'erner, whose arrangement they have modified ; but there 
is no reference to Werner. Technically the process of the Badische 
Anilin- und Soda-Fabrik is probably one of the most successful ; informa- 
tion as to the way in which the process is actually carried on appears 
not to be available unfortunately. But Mr. Cramp does not mention 
Brode. W. Brode * observed three zones in his arc flame, somewhat as 
in the candle flame and in Mr. Cramp's Fig. r, (a) a bluestreak of light, 
(b) a greenish-blue zone above it, (c) a pointed flame of а lurid greenish- 
yellow colour. The electric discharge and also the formation of NO 
took place chiefly in (a) ; when a glassrod was held in (a), potential and 
current changed at once, not when the rod was held in (b) and (c). This 
refers to an arc burning in air. In a pure gas only one uniform band 
was observed. "These observations have to a certain extent been con- 
firmed by F. Howles,] and it seems to me that the phenomena are 
very complex and should first be studied in pure gases. 

Mr. Cramp has spoken of Moscicki, but has not stated that Moscicki 
has abandoned the apparatus described and uses now two concentric 
cylindrical electrodes, with the magnetic field so disposed that the arc 


* Zeitschrift für Elektrochemie, vol. ii., р. 752, 1905. 
+ Fournal of the Society of Chemical Industry, vol. 26, р. 290, 1907. 
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is rotated in the annular space between the two cylinders; the air 
passes up this space. This arc can be fed with direct currents, and 
it is noteworthy that several investigators have found direct and 
alternating current equally efficient, calculating the yield per watt 
for electro-thermal reactions. G. Brion * has adopted a similar arrange- 
ment, but his electrodes are a kathode disc surrounded by an anode 
ring. Е. Rasch { strikes his arc between electrodes of metallic oxides ; 
according to Clement (Dissertation, Göttingen, 1904) and Rasch, 
ozone is not formed in that case, only nitrogen is burned. This state- 
ment should be re-investigated, in view of the authors’ observations 
on the formation of ozone and of nitrogen by the same current under 
different conditions; investigators differ considerably as to the influence 
of ozone in these phenomena. 

Oxide electrodes, chiefly Nernst glowers, are also used by F. Haber 
and A. Koenig] in their remarkable research. While, according to 
Nernst, the nitrogen oxidation is a thermal phenomenon, Haber, in 
agreement with Warburg, considers that the collisions of electrons play 
an important part, and he distinguishes between thermal and electrical 
equilibrium. We know that N and O combine at high temperatures, 
and that the resulting NO is also decomposed at high temperatures ; 
hence we try to remove the product out of the arc as rapidly as possible. 
If the combination and decomposition proceed at equal rates, Haber 
argues, the electric effect will predominate. If the temperature is such 
that the decomposition is much more rapid than the combination, the 
electric effect will be of little influence. We should work at tempera. 
tures at which the decomposition is slow, and Haber concludes, in 
opposition to others, that the arc should be relatively cold ; his dis- 
position is similar to that of A. Grau and Е. Russ,§ mentioned by the 
authors. Haber maintains, moreover, that the gas temperatures in the 
arc flame are not really so high as generally assumed, and do not 
exceed the melting-point of platinum by more than a few hundred 
degrees probably. 

The phenomena are, no doubt, most complex, and I repeat that 
the problem, and especially the ionisation phenomena, discussed on 
page 330 of the paper, would become clearer, if we experimented with 
pure gases in the first instance. One more remark. The authors mix 
up British and metric measures in a deplorable manner. Pressures are 
stated in Ibs. per square inch, air volumes in cubic feet, spark-gaps in 
centimetres, and the rest is in respectable C.G.S. units. 

Мг. Н. M. Savers: І am rather a learner in this matter, but I ex- 
pected to find the method treated a little more quantitatively as regards 
the possible efficiency of the processes. The heat of formation of these 
oxides of nitrogen is, I suppose, known, and if the specific heat of the 
compounds at the combining temperatures is also known, I take it 


* Zeitschrift far Elektrochemie, vol. 13, p. 761, 1907, and Physikalische Zeitschrift, 
vol. 8, p. 792, 1907. 
| Zeilschrift far Elektrochemie, vol. 13, р. 669, 1907. 
Zeitschrift far Elektrochemie, vol. 13, p. 725, 1907, and vol. 14, p. 689, 1908. 
4 Sitzungsberichte der Kais. Akad. der Wissenschaften, Wien, IIA., vol. 115, р. 1571, 1906. 
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that the energy cquivalents per gramme can be worked out ; so that, 
given a certain amount of energy in the secondary circuit, we ought to 
be able to get the efficiency of a particular process, just as we can get 
the efficiency of a motor by measuring the in-put and the out-put. I 
do not find that in the paper, and I venture to ask whether the reason 
is that there is some uncertaiuty as to the actual heats of formation at 
the temperatures of formation or some of the other elements in the 
thermo-chemical computation. Mr. Duddell asked some questions, 
which I would like to repeat, with regard to the relations between the 
primary amperes and the secondary amperes in the different curves 
and tables. I notice that the current was measured into the electro- 
static voltmeter, but apparently the current through the discharge was 
not measured. If it was, perhaps the authors can give the actual ratio 
between the primary and secondary current under the different con- 
ditions. Then it occurs to me that this oxidation of nitrogen is carried 
on by nature on a pretty large scale. Many of the higher plants do it, 
and we know there are some very remarkable microbic plants which 
do it. Cultures of those plants can be obtained in a commercial way, 
and are used in agriculture. Is it possible, I should like to know, to 
measure the heat of formation of oxides of nitrogen by those microbes ? 
It does not appear to be quite impossible. We can measure very 
small differences of temperature, and I suggest that with a culture of 
these nitrifying microbes and a suitable thermo-electrical arrangement, 
such as one of Mr. Duddell's devices, it would be quite possible to 
measure the fall of temperature or expenditure of food energy, or both, 
and so to find out what the heat of formation at ordinary temperatures 
by means of organic activity really is. 

Mr. C. WEiss : The paper is most valuable for its research results 
on spark-gap discharges. "The authors’ account of previous work done 
on the fixation of nitrogen, only gives us an outline of methods used, 
and we are referred to the bibliography at the end of the paper for 
fuller information. But no paper to-day would be complete that did 
not give a reference to the system used by the Badische Anilin und 
Soda Fabrik. "This firm is noted for its valuable research work, which 
has led to so many commercial successes. In their experiments thev 
havc come to the conclusion that the arc promises the best results, and 
they are convinced that this method of the fixation of atmospheric 
nitrogen is an electro-chemical as well as an electro-thermal process. 
They have developed the idea of a stable arc of great length, and have 
taken out English patents for this. Professor Birkeland,* in his paper 
before the Faraday Society, referred to this method, but expressed no 
opinion on its merits. The process has now passed out of the experi- 
mental stage, and now, in 1909, the Badische Anilin and Soda Company 
have a working agreement with the Birkeland-Eyde Company, and 
plant is being put down in Norway for 120,000 H.P.1 

The long arc is produced in a metallic tube or tube of fireclay with 


* Transactions of the Faraday Society, vol. 2, pp. 98-119, 1906. 
1 Seo lecture by Schoenherr, Ver, deutscher Chem., June 11, 1908, 
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spiral metallic lining, one electrode entering at the bottom and insulated Mr. Weiss. 
from the sides of the tube. It consists of an iron rod, which can bé 
fed in and can be water-cooled. The other electrode at the top is con- 
nected with the tube itself, and the arc is started between the bottom 
electrode and the side of the tube. The experimental plant had a tube 
utilising боо H.P., alternating current of 50 сч), and the arc produced 
was 3 to 5 metres (то to 15 ft.) long. The new plant will have tubes of 
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700- or 1,000-H.P. capacity. The space between electrode and tube 

sides is small, and air is blown through with a whirling motion, the 

flame burning steadily along the axis of the tube. In practice the tube 

will be jacketed, the air being heated in the jacket and entering the 
electrode space at 500? C. This system has given great concentration 

of gases, and the arc burns for weeks without having to be restarted. 

Messrs. SHONE and AULT (communicated): Whilst we are at present Messrs. 
Е : ; : . Shone and 

under a certain amount of reserve as to communicating information to Аш. 
our fellow engineers with respect to Moscicki's researches and attain- 
ments in the production of nitric acid by electrical discharge, we wish 

to point out that, according to information we have received, he has 

made much greater progress than the authors of the paper could be 
aware of towards the solution of the problem of producing atmospheric 

nitric acid upon a commercial scale. We hope that shortly this will be 
demonstrated after certain protective proceedings have been completed. 

In the meantime we would point out that the illustration—Fig. 3 on 
page 300—reprcsenting an electric furnace of Moscicki's has been long 
since superseded in the five years which have elapsed since the date 
of its patent, as indicated in Mr. Moscicki's paper on the “ Fixation 
of Atmospheric Nitrogen by means of Arc Flames," referred to on 
page 337 of Messrs. Cramp and Hoyle's paper. 


DISCUSSION AT MANCHESTER, DEC. 15, 1908. 


Mr. S. J. Watson (Chairman): The subject of the paper is one Mr. 
which many of us, I am afraid, are not very intimately acquainted with, “2180: 
but others will, I think, have some interesting remarks to make on it. 

If this system, or some system of producing nitrogen, can be brought 
about and be a success on commercial lines, it may enable some of us 
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to increase the work that our plant has been put down for ; and further, 
if by some method of manufacture nitrogen can be made during hours 
when our plant would not otherwise be employed, it would aid us still 
further in developing our undertakings on very sound lines. 

Dr. E. W. MARCHANT : In the first place, I should like to ask Mr. 
Cramp one question with reference to the figures he gives for the avail- 
able supply of nitrogen. I am referring to a remote period, but won't 
the oxygen give out before the nitrogen ? 

This paper isa very interesting one, and I think it throws a great deal 
of light on the phenomena which occur ata spark-gap when a discharge 
passes, but I should like to ask the authors if they could tell us anything 
of the effect of the circuit which is used on the shape of the curves 
which they get. In the curves which are given for the transformer on 
page 309, I am not quite clear as to what these curves really are. There 
are two curves, one between the primary low-tension volts and the 
current in the primary, and the other between the secondary high- 
tension volts and the current in the primary. If those аге curves for 
one transformer, it must be a transformer with a very bad regulation, 
and it occurred to me that some of the effects that the authors have 
obtained might be due to the character of the circuit which they used. 
I do not know whether they have tried making tests with other 
apparatus, but I should imagine there would be a good deal of dit- 
ference in their results if other apparatus were employed. I may just 
refer to one small detail, and that is the initial spark which they men- 
tioned as occurring before all discharges took place. I noticed in some 
tests which I made a good many vears ago exactly the same phenomena, 
not in a discharge of this kind, but between two terminals, across which 
subsequentlv there was an oscillatory discharge. In the particular case 
with which I was dealing the main oscillatory discharge had a frequency 
of about 10,000 per second. The “pilot” spark occurred before there 
was any sign of oscillation, and I took it to be due to the discharge 
terminals. I think that is rather borne out to-night, because the 
authors have shown us that the initial spark was largely increased if 
they had а voltmcter connected across their terminals. The effect 
which they observed as to the increase in output of nitric acid with 
the voltmeter leads one to an obvious question, What is the effect 
of putting a capacity across the spark-gap? I do not know if any 
tests were made on this point, but I should imagine that the connection 
of a condenser across the spark-gap might lead to a very considerable 
increase in the yield. Now, as to the production of nitric acid by 
ozone, I think one of the most interesting facts we have heard to-night 
is the fact that ozone does tend to produce nitric acid. That nitric 
acid is produced by a glow and brush discharge I do not think there is 
any question. Ina big influence machire with which I had a great 
deal to do, we had very great trouble due to pitting of the brass fittings 
in the machine, the collectors, and so forth, although inside the case 
there was nothing going on except brush discharge. I think that the 
pitting was entirely due to the Ғогтай п of nitric acid, and the 
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authors’ experiments would seem to show that this was a secondary Dr. 
reaction, consequent on the production of ozone. I hope that some mene 
further experiments may be made on this and on many other points 

that the paper has raised, as I feel sure the subject is one which would 

well repay careful study. 

Professor HALDANE GEE: It is about a century and a quarter Frofessor 
since Priestley and Cavendish showed that the electric discharge | 
through air could produce nitrogen compounds. We have had to 
wait that length of time to get a practical realisation, which would 
have been impossible had it not been for the invention of the dynamo 
and transformer. Having got so far, it is now the business of electrical 
engineers, electro-chemists, and others to show that the electrical 
energy can be economically supplied. It is essential in any case to use 
cheap electrical energy (say at £1 per kilowatt-year), for the process to 
be made commercial. 

There are certain great principles that may be applied in studying 
the combination of nitrogen and oxygen. First of all we know that it 
is endothermic, and that the resulting compound will be decomposed 
by heat. Nernst by passing air through an iridium tube has been able 
to measure the percentage of N,O, at various temperatures up to about 
2,000? C., and his formulae may be extended to higher temperatures. 
Birkeland and Eyde have shown, using the best available data, 
that the output of their furnace is somewhere about what you would 
expect from Nernst's formula. This is a very important matter, because 
unless the yield can be increased very largely, the nitrogen-oxygen 
process does not seem to compare favourably with the cyanamide 
process. Now, Mr. Cramp has shown that by the use of the Tesla 
coil, the introduction of ozone, and so on, we get ionic changes 
producing a greater yield of the nitrogen dioxide. 

Two Russian professors (Gorbov and Mitkievitch), have been 
experimenting on the combination of nitrogen and oxygen. They 
used a simple type of furnace. Air is passed over two electric flames 
using electrodes of carbon or metal, and then they cool the resulting 
gas. It is said that the yield per unit given by a 12-k.w. plant is as good 
as that of the large plant used in Norway.* It is also stated that 3-phase 
current might be used. It would be very interesting indeed to make 
experiments with a 3-phase arc, and see whether any difference would 
be produced in the yield. The 3-phase arc would be very convenient 
in many ways, especially for high-tension transmission, and I should 
like to ask Mr. Cramp as to whether he has made any experiments 
with the 3-phase arc. 

The pressure of the spark is worked out on page 334. I should 
be glad to know how the result has been obtained. Some little 
information would be very interesting to explain how the pressure 
of the spark (which Trowbridge has shown produces a real explosion) 
is obtained- by that calculation. 

Mr. С. F. SMITH : I consider this paper as having a special interest Mr. Smith. 

* H, Piltschikoff, Transactions oy the Faraday Society, vol. 4, р. 75, 1908. 
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to us at the present moment, because it forms another bridge across 
the gap which exists, and which is only slowly being covered over, 
between the phenomena dealt with by the electrical engineer and 
by the physicist. We recently had the privilege of listening to a most 
delightful lecture by Professor Rutherford in this room. This lecture 
by an eminent physicist led up from the consideration of radio-active 
emanations to an experiment, which formed the climax of the evening, 
in which a current of engineering dimensions (10-15 amperes) was 
actually to be seen in the form of a stream of electrons travelling 
across a vacuum. This evening we have an engineer—a designer 
of alternators—who explains the phenomena of electric discharges, 
such as we all have to deal with, by referring to ions, cathode rays, and 
corpuscles. It is certainly a sign of the times that two such lectures 
should be brought before us within a month. 

Turning to the paper itself, I think most of us are probably more 
interested іп the nature of the discharge as discussed in the paper than in 
the production of nitric acid. I am afraid the latter is such a special 
subject that many of us must plead ignorance of it. The part of the 
paper which is of the greatest interest to me is that giving an account of 
what actually takes place during the electric discharge. The usual 
experiments that we make with high-tension arcs are confined to the 
period that elapses until the specimen that we are testing breaks down. 
This only takes us through a very small portion of those interesting 
Alpine curves that Mr. Cramp obtains. The paper contains a complete 
discussion of what takes place every time we get a discharge, and I think 
this is of very peculiar interest tous. The voltage сигус$ аге not plotted 
in the familiar way, but are plotted on the base of current, whereas we 
generally plot voltage compared with thickness of insulation, or length of 
spark-gap, etc. The author's method of plotting is well calculated to 
show the different characteristics of these curves. One point that 
is brought out in an interesting manner is the importance of the nature 
of the circuit when producing high-tension discharges, especially at 
high frequencies. We all know that in the case of high-tension circuits 
when a transformer is suddenly connected in circuit, the voltage is 
not at first evenly distributed between the various coils of the winding, 
but is highest in the end turns. The same thing takes place every 
time the direction of the current changes when the transformer 
is working. When, however, there are still more rapid alterna- - 
tions, such as occur when we have an oscillatory spark, the 
distribution of the pressure along the circuit, not only in the trans- 
former winding, but amongst the capacities and reactances of the 
parts external to the transformer, must be very irregular. It is actually, 
therefore, exceedingly difficult to determine what the pressure across 
any part of the circuit is. The moment you put an electrostatic volt- 
meter across any part of the circuit which you desire to investigate, 
you alter the voltage which occurs there, because of the capacity 
introduced. This is shown very vividly by some of the later curves in 
the paper. It is therefore evident that the true determination of the 
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voltage across spark-gap or any special part of the circuit is not at all 
as easy to determine as would at first sight appear. That is a point, I 
think, that one hardly realises until some such curves as these are shown. 

I will only refer further to one point in connection with the photo- 
graphs of the arc that were shown on the screen. Mr. Cramp ascribed 
the waving effect as being due to the air blast which, he says, is well 
known to exist wherever these horn arresters or similar devices are 
used. I think it has been shown that this effect, usually ascribed to 
air blast, is not entirely due to that, but is largely due to the magnetic 
feld of the current. It is possible, for instance, to blow the arc down- 
wards if you reverse the horn, whereas the air current due to expansion 
of air would be expected to blow upwards. 

Mr. J. LUSTGARTEN: I understand Mr. Cramp to say that when a 
potential difference is first applied between two points the electric field 
is very strong near those points, but very weak in the centre of the 
field, and as a result of this the ions produced near the points never reach 
the centre of the field. With the increased motion of these ions due 
to the intense field at the poles, as the potential difference is increased, 
the glow appears. Further, Mr. Cramp states that after a glow appears 
ionisation takes place by collision. I should like to ask Mr. Cramp 
this, How is ionisation produced in the first place but by collision? I 
take the explanation given by the ionisation theory as to the manner 
in which the glow first starts, and subsequently the brush discharge 
and the other forms of discharge, to be broadly this: We have free 
ions invariably present in our atmosphere, and experiments have shown 
that air taken from subterranean regions contains even more frce ions 
than does the atmosphere in free space ; a conclusion which may be 
due to some form of radio-activity. We start therefore with these free 
ions, and as soon as the pressure is applied between the points the ions 
start to move, and move with a velocity which increases with the 
strength of the electrosfatic field. It follows, I think, that collision 
will take place between these free ions and the molecules of the gas, 
with the result that more ions are produced which carry negative and 
positive charges. Eventually when the kinetic energy of the ions—due 
to the increase in the field that is applied between the points—becomes 
large enough, the glow appears. It appears to me to be clear that 
ionisation by collision takes place long before the glow is established. 
When the kinetic energy of these ions in the neighbourhood of the 


points increases the brush discharge will form ; that is to say, streamers - 


will start from these electrodes and eventually these streamers become 
the spark. | 

(Communicated): The view which I have expressed, that the con- 
ductivity of atmospheric air is attributed to free ions, is supported by a 
paper by A. Wood on the “Spontaneous Ionisation of Air in Closed 
Vessels and its Causes." * Тһе hypothesis is advanced that to keep up 
the supply of these free ions some form of penetrating radiation passes 
through the atmosphere. That the growth of ions (e.g., ionisation) by 

* Philosophical Magazine, vol. 9. рр. 550-576, 1905. 
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the electric field takes place subsequently by the collisions of ‘the free 
ions and the molecules of the gas, I would refer the authors to the 
researches of Professor J. S. Townsend.* Ionisation by the electric field 
is not of a primary character ; that is to say, it is not a tearing of the 
neutral atom, due to the field stress on the negative and positive charges 
of the atom, for before the potential gradient required for this “ tearing " 
is reached, ionisation by collisions started by the free ions will have 
produced the breakdown of the air-gap. Neither will the supply of 
electrons by the electrodes occur until a late stage in the discharge 
phenomena is reached. The impact of electrons and ions, falling 
through steep gradients upon the electrodes or a high temperature when 
the pilot spark is established, would produce ionisation from this source. 

Let us suppose that an electron has just been produced near the 
electrodes (before the electric field is established) by some form of 
emanation. On applying the electric field of such a strength that the 
difference of potential between the successive collisions of the electron 
and the molecules of air (2.е., along its mean free path) is 30 volts, the 
electron will acquire sufficient energy to ionise the molecules. With 
point electrodes this field infensity is first reached at the points, and as 
the ionisation goes on increasing and the kinetic energy of the ions 
increases the glow will commence at the points. Along certain paths 
from the points where the collisions are great the brush discharges 
form. Since the positive ion requires a difference of potential of 440 
volts along its mean free path to ionise air molecules, ionisation by 
these ions takes place at higher potentials and near the breakdown of 
the gap. It is quite probable that the potential gradient may be great 
enough very close to the point to cause ionisation, at an earlier stage, 
by the positive ions as well as by the electrons, and may account for 
the intenseness of the bright point of the electrode. With the advent 
of the glow a further ionising factor is the ultra-violet light emitted. 
It follows that the ionisation by the electric field is of a secondary 
character; in fact, the manner of the growth of the ions is comparable 
to the way in which a dynamo excites itself with the small remanent 
magnetism in its iron circuit. 

Mr. E. A. WarsoN : I should like to add yet another explanation to 
those already given of Mr. Cramp's observations on the glow brush and 
spark discharges. Consider two sharp points placed in an insulating 
medium with a difference of potential between them. From the prin- 
ciples of electrostatics the dielectric stress in the medium at the points 
would, if the points were perfectly sharp, and if the medium were not 
disrupted, be infinitely great. This is, of course, impossible, and what 
actually happens is that the point surrounds itself with a zone of dis- 
rupted medium (in this case air), which we may take as being roughly 
spherical in shape. The dielectric stress at the surface of such a sphere 
can easily be shown to be finite—that is, less than the previous stress at 
the point, so that the effect of the disruption is to relieve the dielectric 


* Philosophical Magazine, vols. 6, pp. 598—618, 1903 ; 8, pp. 738-749, 1904 ; and 
9, PP. 289-299, 1905. 
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stress on the air, and enable a stable condition of affairs to be main- 
tained, quite irrespective of the characteristics of the circuit employed. 
Now let the voltage be increased. The zone of disrupted air will grow 
іп size until it reaches a certain critical value, at which, as shown by 
Dr. A. Russell, any further increase in its diameter will increase the 
dielectric stress in the remainder of the air. The condition then be- 
comes unstable, and we get what Mr. Cramp calls the brush discharge. 
This, unlike the glow discharge, is affected by the resistance, reactance, 
etc., in circuit. Indeed, being unstable, if the transformer and alter- 
nator used are of large capacity, it cannot be obtained, but the dis- 
charge passes straight from the glow to the spark. If, however, the 
reactance in circuit is sufficient or the apparatus only of small capacity, 
it is possible to obtain the brush, and obviously by suitably arranging 
the circuit conditions this may be made to shade gradually into the 
spark discharge. The well-marked peak denoted by B on the curves 
probably corresponds to the point at which the diameter of the zone of 
disrupted air attains its critical value. In support of these remarks, it 
is to be noted that if spherical electrodes of sufficient size are employed, 
no glow discharge is observed, but that the brush or spark discharge 
is obtained right away as soon as a definite voltage is reached. 

There is, I believe, an apparatus used by Moscicki which is not 
mentioned in the paper, but in which the electrodes are formed by two 
concentric tubes. The annular space between these tubes is traversed 
radially by a magnetic flux, and axially by a current of air. The flux 
causes the arc to spin rapidly round and entirely fill the space. 

In connection with the curves given for the voltage current relations 
of the various forms of discharge, it would be interesting to know what 
sort of ammeter was used on the high-tension side, and also its exact 
position in the circuit. Was it traversed by the high-frequency cur- 
rents of the oscillatory spark or not? I should rather expect that the 
currents at different points of the circuit would be very different 
indeed. The best example I know of the second type of discharge— 
that is, the brush discharge—is afforded by an ordinary Wimshurst 
machine without any condensers attached to its terminals, the dis- 
charge which such a machine gives under these conditions consisting 
almost entirely of brushes, which are really to my mind incipient 
sparks starved out by lack of nourishment. As soon as condensers 
are attached to the terminals the brushes change into oscillatory 
sparks. 

In eonnection with the yield of nitric acid given by the various 
processes, it would be interesting to know what is the possible yield 
worked out by the thermo-chemical theory—that is, if all the energy 
represented by 1 kilowatt-year were converted into chemical energy in 
nitric acid. I see in Table I. a theoretical output of 440 kg. per kilowatt- 
year given as due to Lord Rayleigh. This is less than some of the 
results actually obtained, and an explanation of this fact would bc 
interesting. 

There is another suggestion which would explain the glowing of a 
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lamp glass held near the arc, and which, I think, is more probable than 
that given by Mr. Cramp as being due to bombardment by ions, and 
that is that it was caused by the ultra violet light from the arc discharge. 
It is a well-known fact that certain kinds of glass do fluoresce under 
the influence of ultra violet light, and ultra violet rays would certainly 
be present. I doubt, moreover, whether fluoresence due to bombard- 
ment is possible in air at ordinary pressures. 

We must, I am sure, congratulate Mr. Crampon his paper, and hope 
that he will be able to continue the work. Some oscillograms taken 
either with a Duddell oscillograph or a Braun tube on the high-tension 
side of the transformer would be extremely interesting. 

With one speaker’s remarks on the dielectric strength of air as 
deduced from measurements of the disruptive voltage between spheres 
by the aid of Russell's formule, I am afraid that I cannot agree. I have 
also carried out some tests recently on the same subject, but using 
continuous current, and I find a very good agreement indeed. Іп 
fact, for any given diameter of sphere over a wide range of gap-length, 
the values of the dielectric strength rarely departed more than т per 
cent. from the mean value of the set. 

Mr. P. KEMP: With regard to Figs. її and 13, it is interesting to 
compare them with the ordinary saturation curves of current and 
voltage between parallel plates given in text-books. At first the 
current and volts increase proportionally in agreement with Ohm's law, 
and then the current remains practically constant for a large increase 
in voltage. This corresponds to the part marked AB in the curve, 
where the current is very nearly constant, whilst the voltage increases 
largely. 

At the point corresponding to B the curve for parallel plates bends 
sharply upwards, this being the stage when fresh ions are produced by 
collision with 4- ions, and a large increase of current is produced by a 


= comparatively small increase of pressure. If now the air-gap were 


decreased, even a reduced pressure would be sufficient to cause a 


_ substantial increase of current. This corresponds to the section BC on 


the authors' curve, during which the brush discharge takes place and 
the layers of air nearest the electrode become broken down. Іп this 
way the effective length of the air-gap is reduced and the cases are 
scen to be analogous ; but at this point a peculiar rise in pressure is 
observed which I cannot satisfactorily explain. I should like to know 
what Mr. Cramp's explanation of this point is. Of course, the section 
CD is easily explained as being due to the C R drop produced in the 
high-tension spark and nitrogen flame, to say nothing of the drop in the 
transformer. Since the pressure is high at the instant the pilot spark 
passes, it will be seen that a considerable load is put on the transformer 
or induction coil, thus producing the sudden drop in pressure. "The 
low-tension arc is now established and the ions are torn off from the 
surface of the electrodes, practically forming a flexible conductor by 
means of the metallic arc. 

As has been already pointed out, it is not essential that a discharge 
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should go through all the five stages enumerated by Mr. Cramp. The 
spark may take place before the brush discharge appears; for ex- 
ample, when spheres are used as electrodes in place of needle points. 
Experiments have been carried out at the Municipal School of Tech- 
nology, Manchester, by Mr. Stephens and myself on this subject, and we 
have found that with spark-gaps up to two to three times the diameter 
of the spheres the spark takes place before corona appear at the 
electrodes. 

Whilst speaking on this subject, it will be interesting to note certain 
facts relative to the dielectric strength of air. In a theoretical paper * by 
Mr. A. Russell, the author evolves a formula for the dielectric strength 
of air, based on Kirchhoff's and Schuster's results. On applying this 
formula to our own results we find that. we do not obtain a constant 
value for the dielectric strength of air, but that it decreases regularly as 
the diameter of the spheres used for electrodes increases, varying 20 per 
cent. on either side of the accepted 38 k.v. per cm. with extreme cases. 
This would suggest that either Russcll’s formulze are inconclusive, or 
else that the dielectric strength of air is variable, which is, to say the 
least of it, improbable. Perhaps Mr. Cramp could suggest a reason for 
this variation. 

Мг. W. A. STEPHENS: On page 332 the authors state that “Sir 
J. J. Thomson has shown that if the ionisation of air be taken as unity, 
then for oxygen it is r'2 and for nitrogen 0'95,” and they deduce 
from this that “when the air velocity is high, so that the glow or the 
brush only exists, the current is probably carried exclusively by oxygen 
ions, and hence the oxygen and ozone spectra only appear, and the gas 
smells strongly of ozone." Now this is correct as far as it goes, but 
there are two more facts I should like to mention. "The first is that the 


velocity of the nitrogen ion is s, or I'I4 times the velocity of the 


oxygen ion; and the second, that there is in the air four times as much 
nitrogen as there is oxygen. Now it seems to me that, though oxygen 
is more easily ionised than nitrogen, these two facts will more than 
counterbalance the ease of ionisation of nitrogen, and consequently 
the authors’ statement is not so simple as it appears on first glance. In 
fact, I think that on consideration of these facts the statement becomes 
at least open to question. 

Mr. W. Cramp (in reply): When an electrical engineer sets out to 
take up work in which chemistry, physics, and electrical engineering 
are all involved, he is likely to find trouble, and it requires a certain 
amount of courage to attempt such research. We had some misgivings 
before putting down the results that are given in the paper, and, as I 
have already said, they would not have been published now except for 
the fact that we are unable to continue the work. But I think many of 
the statements that have been made to-night in the course of the dis- 
cussion are a little hasty, owing to the fact that I have only given a 
summary of the paper, so that many of the questions which have been 

* Philosophical Magazine, vol. 11, pp. 237-276, 1906. 
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asked will be found to be distinctly answered therein. On the other 
hand, there have been points raised on which we have taken careful 
tests ; but such results have бесп left out of the paper in trying to make 
it as short and concise as possible. For instance, Dr. Thompson refers 
to the spontaneous formation of N,O, after the gases have left the 
flames. We took very great care over that matter. We had the 
apparatus covered with a very large dome, whose contents were great 
as compared to the amount of air that was being blown through, so that 
we might give ample chance for the oxidisation of NO to NO, or of 
М.О, to М,О, We made ample provision, we think, to prevent any- 
thing in the way of NO escaping without being oxidised up. We know 
that this oxidation is a time reaction, but the time required is exceed- 
ingly short, so far as is known, for the complete oxidisation of NO. 
We also admit the difference between the cyanamide and the nitric 
acid processes. Cyanamide is not nitrate of calcium, but they are both 
used for the same object, viz., fertilising, and we have to compare 
them from the point of view of the cost to the farmer. So far as is 
known, the cyanamide process is undoubtedly cheaper from the 
amount of fertilisation produced for a given amount of energy ex- 
pended in production. Dr. Thompson's correction of the efficiency 
of the Birkeland process is most interesting. Other speakers have 
referred to the chemistry of the paper. We admit that it is 
approximate only, and for this reason, that we do not pretend to 
give absolute figures of output for the process; but we do pretend 
to give comparative figures for the different conditions used. The 
idea is to enable some one now to produce the discharge as we have 
produced it, but under the conditions which we think we can lay 
down as the most economical, and then we suggest that readings 
should be taken on either side of these conditions to reach a still better 
result. The arrangements by which the measurement of the peroxide 
were made are fairly fully given оп pages 317, 318, and 319, and only 
those who have never tried to measure these elusive gases in low con- 
centrations will be so rash as to condemn our methods. We give the 
equations for the formation of nitrous and nitric acid, so that there 
shall be no mistake as to what we were trying to measure. It is 
interesting to hear from Mr. Huntly with regard to page 318 that if 
commercial nitric acid be used as the standard, the figure would be 
185 where we have taken 110. If that is a fact it brings our figures out 
higher, but it does not alter the proportional figures anywhere. Con- 
sequently the comparative shapes of the curves, which are the things 
we lay stress upon, are still of importance, or at least we hope so. 
With regard to the measurement of the absorption of these gases we 
have had in Manchester, I think I may say fairly,a good deal of 
experience in absorbing minute quantities of these oxides of nitrogen. 
The chemist, Mr. Peachey, who helped us in this respect was very well 
up in the subject, and had had two years’ experience on it before he 
started with us. He advised this method of comparison, because he 
had found that after testing the gases going through there was practi- 
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cally no peroxide escaping ; that is to say, a series of careful tests, not 
mentioned in the paper, was carried out to see that we were not 
missing anything. The difficulty is that if you use other means of 
absorption you are liable to be confused by any ozone which may come 
over. In our method we do not find that the ozone is confusing the 
results ; that is to say, the ozone is destroyed by the process of absorp- 
tion, but it does not affect the colour change that we have worked with. 
I should like to add that we found the danger of the presence of 
moisture mentioned by Mr. Huntly, and took precautions against it, 
We found it necessary to get the apparatus to a steady temperature 
each time before taking tests, and this was done by running at about 
15 amperes for three-quarters of an hour. Mr. Duddell, whose contri- 
bution as usual is exceedingly interesting and valuable, has asked a 
great number of questions. First of all he referred to the two stable 
conditions apparently shown in the voltage-current curve. I would 
like to remove any misunderstanding that is in the minds of those 
present with regard to Figs. 11 and 13. Fig. 11 is from measurements 
taken on the low-tension side, and multiplied by the ratio of transfor- 
mation in order to give an idea of the voltage appearing on the high. 
tension side. It must be clearly understood that no high-tension volt- 
meter was on at that time ; and generally unless in the paper it is 
definitely stated that a high-tension voltmeter or capacity is inserted, 
there was nothing on the high-tension side except the spark-gap and 
the high-tension coils of the transformer. In Fig. r3 the measure- 
ments are taken on the high-tension side direct, and on a specially large 
transformer. Of course we were obliged to have a, high-tension volt- 
meter on for the purpose, but in order to make quite sure about the 
effect of the capacity in circuit the high-tension voltmeter was changed, 
that is to say, we used different instruments having different capacities. 
Although the length of the path marked C changed very slightly with 
the different voltmeters, we found that the chief part of that portion of 
the curve was due to current flowing independently of the voltmetcr ; 
which means that the capacity of the end turns of the windings was, in 
the case of the large transformer, greater than that of the voltmeter 
itself. 

Now, as regards the two stable positions visible in Fig. 13 to which 
Mr. Duddell refers, I may say that there is not the least doubt of their 
existence. For we have seen many times the current “ hesitate," then 
change from one value to the other and back again. 

It is probably a parallel instance to the case of the characteristic of 
a shunt dynamo in which also two stable positions occur ; probably the 
cause is much the same in both cases, 1.е., one value corresponds to 
a current with no armature reaction, the other to a current having a 
great demagnetising influence upon the machine used. 

In such a case would the alternator field be Mr. Duddell's third 
variable ? 

With respect also to Fig. 13, I would call attention to the fact that 
at the top of page 311 we зау; “Тһе wave-form of the alternator was 
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nearly sinusoidal” (it was carefully tested with the Duddell oscillo- 
graph), “апа every effort was made to try to get the curve complete.” 
We chose the best alternator we could get for a sinusoidal wave-form 
in order to avoid resonance effects. 

In reply to another point raised by Mr. Duddell, we may explain 
that we call one form of the discharge “ oscillatory " because we believe 
that although almost instantaneous it is not unidirectional, but consists 
of a series of periodically changing discharges of gradually decreasing 
amplitude, exactly as is the case in the discharge of a Leyden jar. 

This view of this form of discharge we have never before heard 
questioned ; but in our case it is almost certainly of an oscillatory 
nature since the current value can be changed by the alteration of the 
capacity of the terminals (as by the insertion of an electrostatic volt- 
meter). Further, it can be used to set up the well-known oscillations 


сіп a circuit containing a Tesla transforming coil, for which purpose 


we have often employed it. It is oscillations such as these which, we 
consider, account for the widely varying currents shown to exist in the 
series of curves in Fig. 22. 

We could not get an oscillogram on such rapid oscillations, though 
we should have been glad to have ascertained exactly what was taking 
place by such means. 

Mr. DUDDELL : The blue portion is only part of a larger discharge, 
is it not ? 

Mr. CRAMP : Yes, it is part of a larger discharge. The question I 
take it is, did we separate the currents in the two ? 

Mr. DUDDELL : Yes. 

Mr. CRAMP: In the photographs (Figs. 23 and 24) the amperes for the 
two cases were given in order that this very point might be understood. 
In the first photograph the amperes are 0704 ; in the second photograph 
under the same conditions the amperes corresponding to the low-tension 
current are 0'04 again, but the voltmeter current is 0'4, or fen limes the 
value of the main current; that is to say, the effect of the voltmeter 
was to add a current on the high-tension side, which was in excess of 
the current already flowing so far as we knew. As I say, except in 
those cases where the voltmeter is stated to be there, there was 
nothing on the high-tension side except the spark-gap, so that the only 
possibility we had of measuring the current properly was taken away. 

Mr. Duddell next referred to a most important point, viz., the 
question of power. We had no wattmeter, nor could we get a 
wattmcter that would give us the readings we wanted. We tried 
to measure the power on the low-tension side, with the result that 
the power factor appeared to be always high, but to bear no 
relation to the outputs obtained. The consequence is that we give 
the relationship between high-tension and low-tension windings ; 
we give the relationship between the voltage and current curves for 
high tension and low tension in Fig. 12, and we give the results 
plotted against current up to the practical limit of output of the 
alternator, Of course a 10,000-volt wattmcter would have been a very 
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nice thing to have had, but it is not to be had at every laboratory. 
Consequently, we can say very little about the change of power 
factor. It does undoubtedly change; you can measure that on the 
low-tension side, but to what extent we do not know. 

In any case, this question of power factor is not of the greatest 
practical importance for two reasons :— 

Firstly, because careful measurements have shown us that when 
a large NO, producing flame is being used the amperes in the primary 
are a fair guide to the amperes in the secondary, and it is only when 
studying the effects of an added capacity causing an oscillating current 
large as compared with the main current that the question of power 
factor arises. 

Secondly, we found the power factor on the low-tension side to be 
normally high and not to vary much, so that a most important factor to 
the engineer, 1.¢., the kilovolt-amperes required, is fairly determined. 

We do, however, feel most strongly, with Mr. Duddell, that measure- 
ments of power factor with a high-tension wattmeter would be of the 
very greatest interest. 

Certainly the suggestion put forward, viz., that in a case where the 
output was increased the power factor had correspondingly changed, 
did not prove to be the case as far as our readings went ; and since we 
were then also taking readings on the high-tension side it is not clear 
what the characteristic of the transformer could have to do with the 
measurements. 

There remains the question of the meaning of Fig. 14. We should 
explain that this figure is inserted not to draw attention to the differ- 
ences produced by slight changes in pressure, for these are not easily 
gauged, as will presently appear. The figure is intended to show that 
the effect of an air current blowing across the discharge is such as to 
very much flatten the whole curve even when the velocity is relatively 
low. Thus the comparison is between the amount that the curve falls 
in Fig. 11, where no air current exists, and the amount that it falls in 
Fig. 14; and it will be noticed that curve A at a low air velocity is 
much steeper than either C or D, in which the velocity is much higher. 
The fact that the curves with a smaller air current have a higher voltage 
than curves with a larger air current, is not extraordinary when one 
considers that these readings had to be taken with an electrostatic 
voltmeter on the high-tension side—consequently the same sort of 
conditions were existing as are shown in Fig. 22. 

Indeed, this latter figure reasonably explains the curious effect 
which Mr. Duddell has pointed out, for the large capacity current 
which exists at the higher pressures is no doubt the cause of the lower 
Нар resistance. 

We may add that there is not the least doubt as to the order of the 
curves in Fig. 14 (except that which I mentioned in curve D), for other 
tests plotted since reading the paper show the same characteristics. 

The measurement of the nitric acid has been criticised, and the 
measurement of the volume and the question of the relationship of 
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volume and pressure. We did not take these volume and pressure 
measurements as roughly as some gentlemen here seem to consider. 
We had a large air-meter specially calibrated for the work, and every 
nozzle used was carefully calibrated by means of that meter, together 
with a specially calibrated pressure meter, so that we knew exactly 
the relationship between volume and pressure on the different nozzles. 
We thought at one time of giving the difference in diagrams, but we 
had given already as many figures as the Institution could print, and so 
we withdrew them. With regard to the curves crossing, we do not think 
that such crossings can be ascribed to chemical carelessness, because if 
it were a matter of chemical carelessness it would not be possible to 
repeat the points, and wherever we were in doubt we did repeat them. 
We are glad to have Dr. Borns's remarks concerning the literature 
of the subject, and especially his additions. Of course we know the 
list is not at all complete. He referred to Werner's work, but I do not 
believe Mr. Werner has ever written anything at all, has һе? 

Dr. Borns: No, he has not. 

Mr. CRAMP: I knew Mr. Werner personally, and his apparatus is 
always quoted ; what is given in this paper is taken from him direct. 
I have not any details of the Badische process, and I should be glad to 
have them. We both fully agree with Dr. Borns that all these experi- 
ments ought to be started with pure gases. That might be undertaken 
by a chemical laboratory, but it could not be undertaken in a com- 
mercial warehouse like the one we were working in. The method, 
however, is the only way to get at true results. Dr. Borns also men- 
tioned Moscicki's new process. We knew it existed, but we have not 
given any details of it, except at the foot of Table I., where there isa 
note which says, * These inventors have also used direct current at 
1,500 volts, giving 525 kg. per kilowatt-year.” That is the Moscicki 
new process with the rotating flame. 

Mr. Sayers made some very interesting remarks about the 
theoretical heats of formations, but I do not think it is possible 
to get the efficiency of the flame until we know something more 
about these heats of formation. To begin with, you cannot measure 
the temperature of the flame, and you do not know the exact energy 
dissipated by the flame. No figures have been published yet with 
regard to that, and we can only guess at it. As I have already said, 
the heats of formation of these gases are very misleading. The cool 
ozone discharge apparently gives a gas which requires the highest heat 
of formation, and the hot peroxide discharge gives a gas which requires 
much less heat of formation apparently. I am afraid we have dealt in 
this paper with chemistry, physics, and electrical engineering ; but we 
have not yet been drawn into bacteriology, so that I cannot say anything 
about the heats of the formation of microbes. 

Dr. Marchant inquired as to the effect on the discharge of the cir- 
cuit arrangements ; Fig. 12, I think, he referred to. In that figure the 
high-tension and low-tension pressure and current are plotted to the 
same scale by making use of the ratio of turns of the transformer. И, 
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now, in each case the pressure be divided by its current it will be 
found that the resulting resistances differ considerably. On the high 
tension side there is only the discharge, and the difference therefore 
shows roughly the resistance, or reactance, which is in circuit, and 
which is consequently controlling the discharge. 

I take this opportunity of explaining that it is almost impossible to 
give the exact circuit conditions for each discharge at this stage. АП 
we can say is that we have used a commercial transformer, and 
with that commercial transformer the examples given are typical of the 
curves which will always bé obtained. External reactance added gives 
the results detailed later in the paper, but to what extent it changes the 
yield of peroxide of nitrogen can only be inferred by reference to the 
current changes resulting, and by comparing these with the curves of 
acid as a function of current. The change of current we know, the 
change of voltage we do not know exactly, and the watts can only be 
measured by very special instruments which we did not possess. 
Indeed, Mr. Smith in his remarks explains precisely the difficulty of 
measuring the circuit conditions ; for every instrument inserted on the 
high-tension side upsets the circuit conditions. With regard to Dr. 
Marchant's remark that putting a condenser across the spark-gap might 
lead to a considerable increase in the yield, I may say that we think it 
might. If he will refer to page 327 of the paper he will find this 
question is discussed a little more fully. We give there what we 
consider to be the sort of change that occurs due to change of 
capacity. 

Mr. Smith referred to the question of insulation resistance, and drew 
certain comparisons in this connection. Now, of course, I hopeour paper 
will give an idea of what happens when one form of discharge changes 
into another, which always takes place with a breakdown of insulation. 
Mr. Smith is right to call our attention to the fact that the motion of a 
discharge is largely due to the magnetic field in which it takes расе; 
the convection currents have a small effect only. 

Professor Gee's contribution to the discussion requires treating very 
fully. His prices per kilowatt-year are very interesting, but I would 
point out that in Norway they are able to produce the power at this 
very low price from waterfalls, yet at the present day, to my certain 
knowledge, in Ireland there is a waterfall of at lcast 30,000 Н.Р. with 
men there ready to put іп a plant to harness that power, but it 15 
almost impossible in this country to raise capital for a nitrate plant. I 
therefore venture to think that it is not power that is wanted, but the 
enterprise and the capital to make use of it. With regard to the 
explanation of the calculation for the pressure in the spark, I may state 
tbat the figures are based on the well-known fact that the expenditure 
of a definite quantity of energy on a definite volume of gas results in a 
definite increase of pressure. Again, Professor Gee mentioned the 
matter of exothermic and endothermic reactions. I should like to 
point out that the heat of formation of O, is known to be far greater 
than that of any of the oxides of nitrogen. Yet the latter are apparently 
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formed bya flame of far greater heat intensity than the discharge which 
produces the former. This fact I must leave to the thermo-chemists to 
explain. It is true that Birkeland has shown that his yields agree 
roughly with those theoretically deduced by Nernst, but to get this 
agreement he has to assume a temperature, which seems to me to beg 
the whole question. We have made no experiments with the three- 
phase arc, but such experiments would be extremely useful, as by 
such means a rapidly rotating flame may be obtained. 

Mr. Lustgarten’s remarks with regard to glow ionisation are 
interesting, but they do not agree with our conceptions. I think it 
has been clearly shown by physicists that ionisation may be produced 
by an electrostatic field apart from any ions previously existing. This 
initial ionisation is generally considered to be due to the issue of cor- 
puscles from the points under the influence of the electrostatic field ; 
such corpuscles not only forming ionic centres but also setting up 
ionisation by collision. I think, further, in view of the ionic velocity 
which one can roughly calculate in the glow, the limiting velocity 
necessary for ionisation by collision is not always present. 

With regard to Mr. Lustgarten's communicated remarks, admittedly 
with the free ions existing in the atmosphere further ionisation may 
always be produced by collision, if the electric field is strong enough. 
Our difficulty is that we cannot convince ourselves that this is the case. 
For a comparatively small potential difference is, in the dark, sufficient 
to show a glow, and so far as we can estimate, this potential difference 
is not enough to produce the limiting velocity necessary for ionisation 
by collision. We suggest therefore that the initial glow may be due to 
electrons issuing from the points under the influence of the electro: 
static field. | 

Мт. Kemp’s remark as to the first spark that passes is very interesting, 
but I think that this spark is a “surging” effect and cannot be main- 
tained ; consequently with the gradual increase in pressure the five 
stages are almost always passed through. Further, the reason why 
the spark may take place between spheres without the discharge 
having passed through the other forms has been well explained, by 
Mr. E. A. Watson. Mr. Kemp's experiment on the discharge between 
plates appears to tally with our results; but I may remark that 
we give no readings at all so low as those involving the saturation 
current. 

Mr. Watson has given a valuable and clear mechanical explana- 
tion of the phenomenon of dielectric breakdown; but it seems to 
me that any such explanation is very incomplete if it does not take 
into consideration ionic action. Again Mr. Watson is right in laying 
stress on the exact circuit arrangements. "These are clearly shown in 
Fig.9 with the exception of thc high-tension ammeter, which when 
used was immediately next to the high-tension transformer coil, and 
was of the hot-wire type. 

Mr. Stephens reminds us of the different ionic velocities of N and O 
respectively and of the preponderance of N in the air. I may say that 
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I do not see how these facts can explain away the predominance of the Mr. Cramp. 
N spectrum in one flame and the O spectrum in the other. 

On behalf of Mr. Hoyle and myself, I thank you very much for the 
patient hearing you have given us. 

On the motion of the President, a vote of thanks was unanimously 
accorded to the authors for their valuable paper. 
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COMMERCIAL ELECTRIC HEATING. 


By JOHN ROBERTs, Durban. 


(Paper received September 9, 1908.) 


Among all the varied subjects brought forward for discussion by 
engineers interested in the advancement of the electrical industry, it is 
surprising to note the almost complete absence of the question of 
heating by electricity. One must feel still more surprise when it is 
considered that the production of heat from electricity is one of the 
simplest ways of transforming one kind of energy into anothcr. It 
can be done with the minimum of materials or apparatus ; it can be 
regulated with ease and performed at the highest efficiency in practice. 

That engineers do not appear to be concerning themselves with the 
matter seems to point to an acknowledgment that in spite of its 
simplicity there are difficulties connected with the problem which 
put it outside the field of practical politics at the present time. 
Without adding heating to what we have to offer in the way of light 
we shall stand a poor chance of the small householder's business, and 
the benefit of the metallic filament lamp will be chiefly confined to the 
existing consumer. It seems to me that the development of electricity 
in the home awaits a solution of the heating question. 

The Object lo be Secured.—I confess that I am one of those who hold 
that electricity will some day oust the gas range and the coal fire from 
the dwellings of even the poorer classes. I hold this opinion knowing 
the difficulties to be surmounted and the complete unsuitabilitv of 
most of our present methods to accomplish this end, and it is hoped to 
demonstrate in the following how electricity can be so cheaply brought 
up to the door of the small householder in sufficient quantity to do all 
his heating, and how it can be applied to dothe work in an economical 
and simple manner. 

Supply of Current.—Many supply engineers have been driven to 
increase their distribution pressures to 2 x 230 volts, and they do not 
care to contemplate what would be the result even if the maximum 
demand of the average small residence went up from, say, 3 amperes 
to 20 amperes, Some engineers, recognising this, have not hesitated 
to say that it is only for such heating utensils as small kettles aad flat- 
irons that electricity ought to be applied. "These are the honest ones, 
and they are quite right in my opinion when they tacitly declare that 
Ше size of distribution mains at usual pressures would have to be so 
enormous to cater for the large demands of power which universal 
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domestic heating entails that the capital cost would be prohibitive. It 
is evidently thought that the last step has been taken in the raising 
of distribution pressures, and the existing complications of 3-wire 
networks frighten them from going to five wires. 

This constitutes a strong plea for higher distributing pressures in 
conjunction with reducing transformers. I fail to see any alternative : 
in fact, I will take upon myself to lay down as an axiom that we cannot 
accomplish our object with existing methods of distribution, and I 
assert that many of the present complications of our low-tension net- 
works will have to be swept away before we can compete with the 
simple ways of the gas engineer. Compare the simplicity of gas 
mains with our sub-station equipments—3-wire cables, feeder, and 
junction boxes, and all the rest of it. Our expensive high-tension 
feeder cables and switching gear seems, as far as we can see, inevitable ; 
but should we not catch at any opportunity of simplifying everything 
beyond this to the last degree? I think that alternating-current dis- 
tribution, at, say, 800 volts pressure, offers a chance to do a good deal 
in this way. 

Alternating versus Direct Current.—lt may be said that a discussion 
of alternating versus direct current is a far cry from electric heating, 
but the subjects are really intimately bound up together, and I would 
strongly urge that direct current possesses no advantages whatever 
over alternating current for the larger proportion of consumers. In 
fact, leaving out tramway service (granting that single-phase tramway 
motors are not so good as direct current) there is very little which 
a 2-phase supply cannot accomplish. Looking ahead a little to the 
time when the generation of electricity will everywhere be carried out 
in large central plants, and when any works of less than 10,000 k.w. 
will be considered small, we may say that no direct-current machinery 
will be used for this purpose. So in order to obtain direct current, 
expensive rotary sub-stations will have to be built, and I submit that 
such accessories as this should be looked upon as things to be avoided 
or curtailed, and used only where alternating current is impossible. 
For lighting, heating, and most power work, single- or 2-phase 
current is admirably suited. I say 2-phase because (keeping in mind 
the attainment of the utmost simplicity) in some conditions where 
only single phase is required, it is possible then to use plain 2-wire 
distributors. I think that the ideal low-tension system which will meet 
almost every class of demand is that of supplying two separate single- 
phase currents 90° apart. In most districts one phase can be led along 
each side of a street supplying single-phase current only for 9o per 
cent. of connections, and where power is wanted a service can be 
brought from the other phase, which is always somewhere handy. 
Make each phase, say, 800 volts, and see how far apart sub-stations can 
be placed ; how simple is the equipment wanted on the low-pressure 
side. The distributors might be plain 2-wire cables on which, even at 
800 volts, tees could be safely made without cutting off the supply ; at 
any rate, a branch off such a cable would be a very different affair to 
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the fearsome thing the same operation forms on a heavy 3-wire con- 
centric cable. It is certainly in the direction of simplicity despite the 
higher pressure. When a gas company has trouble on its mains, it 
sends out a couple of labourers who open a man-hole and pump out a 
fluid ; but that costs a good deal less than the present-day mains engineer 
with his paraphernalia, followed by his skilled jointers when he has 
located the trouble, and that is why the gas company can still snap its 
fingers at us. 

‚ These few remarks are offered with the greatest deference by one 
who has a good many miles of overhead and underground lines 
supplying single-phase current to over 4,000 customers. Here in Natal 
simplicity above almost everything is what must be aimed at, and it is in 
the direction indicated that further development is likely, especially 
bearing in mind the object to be achieved, namely, heating by 
electricity instead of the domestic fire. Put in a nutshell, the con- 
clusion seems evident that we have for our own convenience as 
suppliers adopted pressures for distributing current so high as to be 
unsuitable for consumers’ apparatus, and even now we have not gone 
high enough to avoid an enormous cost in mains. What is there to 
fear in house-to-house transformation since the transformers them- 
selves are cheap and wonderfully efficient? They can be guaranteed 
not to lose more than 3 to 4 per cent. on full load even in small sizes. 
When one considers the superiority of the 1oo-volt over the 200-volt 
carbon lamp, a reducing transformer would perhaps even pay with 
them. Let us distribute at pressures to suit ourselves, there being after 
all little difference in cost between ап 800-volt and a 400-volt cable of 
the same section of copper, and let us give the consumer something 
to suit him. 

I think I could suggest a low-tension system of mains which would 
be cheaper than the present-day form and just as reliable. ‘It seems to 
me that cables insulated with a hygroscopic material are wrong. Such 
cables require a continuous lead sheath to prevent the entrance of the 
least moisture, and also need highly skilled workmanship for jointing. 
The conditions are all against simplicity and cheapness. I do not refer 
to high-tension: mains or even low-tension feeders. I have in mind 
something simpler for distributors, which can be tapped quickly, 
easily, and safely for connections. Why cannot we revert-to single 
conductors with a waterproof insulation laid on porcelain insulators in 
a watertight iron trough? By interposing iron boxes at every point 
where a branch may be wanted, means could be provided for taking 
off such a branch without cutting off the supply or danger to a 
workman. Comparatively small currents have to be cared for in such 
branches. The system can be readily made watertight, although 
nothing serious need be feared if, owing to an accident, flooding 
occasionally took place, and alternating current has the advantage of 
giving no trouble from electrolysis or minute surface leakage currents. 
Why should distributors which are tapped at more or less frequent 
intervals be of the same form as feeders which simply carry current 
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from point to point? There would appear to be рита facie evidence 
for a charge that there has not been a proper selection of means to an 
end. I suggest that the distributor should be primarily a distributor, 
being specially designed for distributing. We carry coal from a 
colliery in trucks and distribute it bagged from a wagon. 

- Advantages of Electricity for Healing.—I think most engineers do not 
thoroughly realise what a wasteful thing the common coal range 15, 
and what an almost perfectly efficient device its electrical counterpart 
can be made. We all know what a small percentage of the energy of 
the coal we feed into our boilers is delivered to the mains, but I think 
it is probably no smaller than the percentage of heat which the sooty 
bottom of a pot absorbs from the stove it stands upon. At the same 
time,-there сап be no doubt that we must use all our ingenuity to design 
electric heating utensils to absorb and retain every scrap of heat 
expended, and I hope to show how this can be accomplished. It 
ought to be profoundly realised that electricity possesses important 
advantages over any other heating agency by its amenability to 
arrangements for obtaining an extremely high degree of efficiency, 
chiefly, of course, because it is not necessary to carry off products of 
combustion. 

Low Pressures for Customers’ Use.—It is unnecessary for me to dwell 
upon what I consider has now become the universal and wicked 
practice of supplying such a pressure as 230 volts to consumers’ lamps. 
There can be no doubt that the whole industry is groaning under it. 
It has had the effect of making the cost of interior wiring bear the 
same relation to the cost of gas piping as that obtaining in the respective 
distribution systems, and has slammed the door in the face of electric 
cooking enterprise. This has been strongly controverted by makers of 
cooking appliances. I have been taken severely to task for a statement 
I recently made that modern forms of cooking utensils were too much 
like laboratory instruments. I will give an illustration bearing out my 
contention. In my house I have in use an electric kettle made by a 
prominent firm. In the first place it is made of copper. I do not take 
strong exception to that except to remark that a copper kettle is an 
unusual luxury in the middle-class home, and must conduct away heat 
faster than if made of a cheaper metal. The body of the vessel is fitted 
with two terminals, and the insulation of the live plug depends upon 
athin ebonite washer. If a drop of water falls on to the edge of this 
washer when the kettle is filled with water, sufficient leakage takes 
place to put the user on his back if he is standing on a tiled floor. 
As regards the plug for attachment, the screw securing the ends of 
the flexible cord when in position has its head about 4in. below the 
surface, and if the plug is grasped with wet hands, the user is liable 
to a repetition of his unfortunate experience. Тһе other end of the 
flexible cord terminates in a plug of which the body is made of china, 
which is smashed the first time it is dropped on to a tiled floor. Now I 
maintain that while the whole outfit I describe is not out of place for 
connecting up a galvanometer by a person of expericnce, who knows 
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how to protect himself against shocks, it is little short of criminal to 
put it in the hands of the ordinary servant girl. Although, of course, 
a little more attention to detail would obviate these faults to some 
degree, the troubles to be guarded against are largely due to the use of 
dangerously high pressures. 

I proceed to advance the general statement that to get the full 
benefits of the safety and convenience of electricity we must get back 
to low pressures for both heating and lighting, for the mischievous 
raising of pressures has been the deliberate means of discounting these 
two important advantages. I need not refer to the superiority of low- 
pressure lamps. The metallic filament lamp emphasises it. I sincerely 
hope, in the best interests of the industry, that a 16-c.p. 230-volt lamp 
will never be practicable, so that sheer necessity will force us to give 
more rational pressure to the consumer. Neither need I dilate upon 
the simplicity of low-pressure wiring. The best methods of wiring for 
such a lighting pressure as 50 volts would be an interesting subject in 
itself, and I think we might look forward to cutting present wiring 
costs in half if there was no hesitation shown in radical departures 
from present practice. To take the case of switches, a working man 
does not call for the luxury of a switch at the door of every room. 
Why cannot a complete outfit of iron suspending rod, lamp-holder and 
switch, worked from the floor by cords, be supplied by manufacturers 
at a reasonable cost? Half a dozen such fixtures could be wired up 
very Cheaply, and why not on the tree system? I only touch on the 
low-pressure lighting question. It is cooking work I set out to deal 
with, and, proceeding, I submit that high-pressure cooking appliances 
are, from their very nature, bound to be expensive and likely to get 
out of order, and that the chief advantages of electricity—safely апа 
convenience—can only be fully realised by the use of low pressures. 
This is the first essential for the realisation of our ideal. The second is 
that the ordinary cooking work of the kitchen at least must be done 
with utensils without flexible cords. These really cannot be tolerated 
for the rough work they are called on to do. It follows that utensils 
must be heated by placing them in contact with hot plates, and a 
proper corollary follows that hot plates must be designed to prevent 
radiation of heat in any direction other than where it 1s wanted. 

I think we might include as highly desirable, if not necessary, that 
utensils should be double walled to economise heat to the last degree. 
All these conditions are fulfilled by a stove which I will describe in 
some detail. It is intended for the usual culinary work of the house. 
Anticipating those who may object that heating will be wanted in 
other rooms, my answer is that such conveniences as flat-irons, curling 
tongs, fans, ctc., сап be used off the so-volt lighting circuit as at 
present. 

Figs. 1 and 2 show the proposed stove in section and elevation. 
The outer case is made of shect-iron or steel, the top is fitted for four 
hot plates, two large and two small. The body is taken up on the 
right-hand side by the oven, a compartment on the left holds the 
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reducing transformer. This transformer is fed by the 800-volt dis- 
tribution mains. Тһе secondary is wound so that 5о volts can be 
taken out for the lighting circuit. Note, in passing, that this winding 
is also used for the shunt circuit of the meter in the high-pressure 


Hot plates 


Fic. 1.—Stove in Section. 


supply. Three other taps from the secondary are brought to copper 
bars running across the front of the stove, so that 7, 12$, or 20 volts 
can be applied to the elements. The stove is vacuum insulated, and 
the elements are securely fixed to the under side of the hot plates and 


Fic. 2.—Elevation of Stove, 


to the lining of the oven. I show in detail in Fig. 3 the construction of 
the hot plate, but consider first the hot plate as commonly made to-day. 
It is wrongly designed in two fundamental particulars. There is no 
proper insulation of the heating element underneath the plate, so that 


draughts carry off heat and reduce its temperature, and there is no 
provision to shield the imperfect surfaces of contact between plate and 
utensil, so that convection currents of air circulate across them and 
reduce efficiency. 

The type of element one could use on 20 volts is most simple. 
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Fig. 4 shows the one I suggest. It is made of a circular sheet of metal 
of proper thickness cut spirally, sufficient metal being removed at the 
cuts so that no insulation is wanted between the turns so formed. 
Fig. 3 of the assembled hot plate in section shows that the element 
is secured between the under side of the hot plate and a strongly 
ribbed casting in order to hold it in as close contact as possible with 
thin sheets of mica as insulation. Rivets clamp everything together 
thoroughly. Observe that the assembled plate is fixed to the top of 
the stove through a ring of asbestos to prevent conduction as far as 
possible laterally. Fig. 5 shows a pot suitable for use with the plate. 
The sides of the pot project below the bottom in order to shield it 
from draughts of air blowing between it and the plate, and the whole 
is double lined, as also the lid. Such a vessel, though not of customary 
form, is still quite cheap to make. 


= 


FIG. 4. FIG. 5. 


One end of the winding of each element is permanently connected 
to the end of the transformer secondary, and the other to a contact so 
arranged that a plug can be made to connect either of the three 
copper bars running across the front of the stove. Perhaps I may be 
excused for giving some details of a simple and cheap arrangement of 
connecting, in case those who find difficulty in getting standard 
switchboard apparatus out of their heads may solemnly point to the 
expense of plugs and contacts for heavy currents. A firm of manu- 
facturers of heating goods in criticising a suggestion of mine to use 
low pressure for cooking, took the trouble to point out in one of its 
monthly advertising bulletins that it had evidently been forgotten 
that such high currents would have to be dealt with, and that 
"switches" costing £3 or so would be required. They, no doubt, 
would fit quick-break articles with heavy insulated handles, such as 
we see on a feeder panel. 

Figs. 6 and 7 show a side and front elevation of the three bare on 
the stove with the contacts connected to the heating element.. Fig. 8 
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shows the form of plug. No insulation is used on the handle. It can 
be seen that the plug can be inserted so as to connect to any of the 
bars, and the handle is so shaped that two plugs cannot be inadvertently 
used on the same element and so short circuit a transformer winding. 
The transformer will be of efficient design and will not dissipate much 
energy. What is lost will, however, help to keep the stove warm, and 
will not be wasted. Such a stove could be manufactured at a reason- 
able cost, and would be so reliable that it could safely be offered on 
hire Until we have such confidence in our apparatus that we can 
compete with gas on these lines, we must suffer a serious dis- 
advantage. 


Charging for Current—To deal completely with the problem I am 


FIG. 7. 


4 
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Fic. 6. Fic. 8. 


reluctantly compelled ta make some reference to the method of 
charging. 

As I have hinted, the amount of the maximum load of the cooking 
service is so much greater than what is wanted for lighting that we 
need no longer be concerned about their overlapping. One thing 15 
clear at the outset, and. that is that we need not hope to achieve the 
aim I have aspired to unless we can meet cooking requirements at not 
төге than 1d. per. unit for current. | 
. Ido not think the maximum demand system сап be tolerated. If 
we can't do business with the average £30 а year householder without 
this, we need not try. A separate heating circuit is impracticable in 
requiring two meters, and further, it is impossible to prevent a con- 
sumer connecting a length of cord from his cooking circuit to a lamp- 
holder, withdrawing his main lighting.switch and doing all his lighting 
at the cooking rate. A time switch changing over his meter at a 
certain hour is another scheme which must be rejected, if only on the 
score of initial expense and cost of upkeep. It seems to me that the ə 
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only way is to adopt what is known, I believe, as the Norwich system, 
admirable in its simplicity and fairness to both supply body and 
consumer. Fix a minimum figure, depending upon the rateable value 
of the premises, and charge as much below 14. per unit as possible. 
I must be excused from presuming to offer any remarks on the com- 
plicated question of tariffs, one that has been debated by authorities to 
whose opinion I must defer. I touch on it to suggest that this thorny 
aspect of the problem need not cause anxiety, and that there are means 
already devised to deal with it. 

A treatment of this subject in all its bearings, particularly when 
tariffs have been touched upon, requires at least some speculation on 
what load factor a universal heating and cooking service would yield. 
Taking all classes of a community, there can be no doubt it would be 
an excellent one compared with lighting at any rate. The wealthier 
classes take their most impertant meal at a different hour from that 
at which other sections of the community do. As to radiators, the 
poorer householder rarely has more than one fire going at a time. 
Even the better class do not often use more than two fires at once. A 
combined load factor on the plant of 40 per cent. might be realised, 
though not on individual distributors of course, so that the problem 
looks hopeful from that point of view. That is the class of load which 
ought to be done for 14. per unit, if a minimum charge is made, as 
suggested, to ensure capital charges being taken care of. It ought to 
pay as well as a motor load which is being done at figures less than 
this, but it cannot unless distributing costs are lowered. 

I regret that it has seemed to me to be necessary to touch on so 
many points in offering suggestions as to the manner in which 
electricity can be brought to bear in a field which it has so far left 
practically untouched. The methods I have outlined will be stigmatised 
as revolutionary and too great a departure from present practice. 
Does not the past total failure point to something radically wrong and 
unsuitable in this present practice? And as to scrapping distributing 
plant, there is no such plant along the hundreds and thousands of miles 
of dwellings in the length and breadth of England. We resign this 
territory to the care of the gas company, and they are attending to it 
all right. 

The present time is marking an epoch in the electrical world. 
Large central] plants with steam turbines are reducing costs of pro- 
duction to figures never approached before. The new metal lamp has 
given us something to offer the small householder which is comparable, 
in fact superior, to the gas mantle. Let us give him current at a 
reasonable pressure, but through a simpler though higher pressure 
network, and we shall then realise the ideal which Sir William Preece 
held up, that electricitv is the poor man's light, remembering that 
he was probably using about бо volts in his own house when he 
spoke. 

If there is anything in the contentions I have endeavoured to make 
as simply and briefly as possible, an important conclusion must be 
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drawn, and that is that the supply engineer must look to it to tackle 
this matter. He has left it up to the present to the maker of cooking 
utensils, and it has proved too much for him, and it is likely to remain 
so unless the two put their heads together and find a cure for the 
trouble. If electric heating on at least the same scale as it js being 
carried оп by gas is only a dream, let us admit it frankly. . A properly 
expressed reason will do no harm ; in fact, a discussion of the difficulties 
might be fruitful. 


DISCUSSION. 


Мг. W. В. Соорев (communicated): The paper by Mr. Roberts 
is particularly interesting because it is revolutionary in character, and 
for this reason I am sorry that it has not been possible to submit 
the paper to discussion in the usual way. The author's views form 
another instance of the tendency so often noticeable to return to 
former methods which have long since been discarded as being 
unsuitable, but through altered conditions have subsequently been 
. found to be most desirable ; it is, moreover, a further claim to recogni- 
tion for the single-phase system which is now proving much more 
valuable than engineers a few years ago were disposed to think 
possible. 

I quite agree with the author that the development of electricity 
in the house awaits the solution of the heating question, though I think 
this is dependent more on the tariff question that on heating fer se. 
As to the remedy by modifying our methods of distribution, unfortu- 
nately we have to take things as they are, not as they might be. We 
cannot start afresh. Thus we are met with the difficulty of existing 
continuous-current distribution at 200 to 240 volts. "This would not, 
of course, preclude the use of transformation on alternate-current net- 
works, but it leaves us with the necessity of producing satisfactory 
cooking apparatus for the higher pressures, just as the high-pressure 
metal filament lamp has not been rendered unnecessary by the 
successful use of the 25-volt lamp. "There is no doubt that the higher 
the pressure the greater is the difficulty of producing satisfactory 
apparatus for cooking ; also the greater the danger of shock. With 
regard to the last point, I think the author is rather an alarmist, but 
nevertheless I feel strongly that electric cooking apparatus should 
only be installed under competent supervision, because kitchens are 
frequently in basements where an excellent earth may be made in 
many cases, and the hands of a cook are apt to be far from dry. For 
that reason the auto-transformer would not afford sufficient protection. 
I do not think it is practicable to have low-tension current all over 
a house for heating purpcses owing to the heavy wiring that would be 
necessary, but there is much to be said in favour of transforming 
for the kitchen alone, the only difficulty being that the cooking 
apparatus could not be used in any other part of the house. 

Mr. JOHN RoBERTS (in reply) : Mr. Cooper, in his remarks, although 
admitting that low pressure might be desirable where alternating 


Mr. 
Cooper. 


Mr. Roberts. 


Mr. Roberts. 
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current was available, said that the condition of 240 ‘volts direct-current' 
networks had to be met, and that heating apparatus‘ for this pressure 
would have to be evolved. Не ignores my contention that even at 240 
volts the cost of distributors would be too heavy to allow of the neces- 
sary power being distributed if domestic electric heating was ever to 
be carried out on the same scale as what the gas companies are doing 
to-day. I am aware that my proposition is revolutionary, but I am 
unable at the present time to see any alternative. І am supplying in 
a town where most of the domestic supply is carried out by means of 


overhead wires, and the raising of distribution pressure to 1,060 volts 


and using house-to-house transformers does not present very formidable 
difficulties ; in fact, if the experiments on low-tension cooking which 
I am now Carrying out are successful, I hope that the scheme will soon 
become an accomplished fact, at any rate on a small area of the supply. 


| 
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While many different types of each class of electrical machinery 
have been built, the trend of development has been towards adopting 
one standard type for each class, but although transformers are the 
simplest of all electrical machines, quite a number of vitally different 
types are still commercially built. For instance, for single-phase 
transformers alone, the following types are used on а large 
scale :— 


Shell type with rectangular coils, as built by the Westinghouse 
Companies, the Siemens-Schuckert Works, etc. 

Circular shell type, as built by the British Electric Transformer 
Company. 

Core type, with rectangular and with round coils, as built by the 
Westinghouse Companies, the Allgemeine Electricitats Gesell- 
schaft, Johnson Phillips, and other firms. 


All the types are built for different kinds of cooling, such as natural 
draft, forced draft, oil insulated self-cooled, oil insulated water-cooled, 
oil insulated with forced draft. 

The manufacturers—or at least the salesmen—usually claim that the 
type they are supplying is the one giving the smallest iron loss, the best 
regulation, the highest efficiency, etc. We would, however, point out 
that in this respect there is very little to choose between the different 
types, as when the same amount and quality of active material is 
employed and the designs are correctly made, the electrical data of 
the different types will not vary appreciably. 

A transformer of any of the types now built consists of coils inter- 
linked with a closed iron circuit. The output for any given frequency 
is proportional to the product of the iron and copper sections and to 
the matcrial densities allowed. The weights (and at given densities 
and quality of material the losses) are proportional to these sections 
and to the mean path lengths of the iron and copper circuits. From 
a theoretical point of view, the type of the transformer is the best 
which at given material densities and output (i.c, at given product of 
iron and copper sections) gives the smallest weights, and therefore also 
the smallest losses. 

For each of the standard types we have (1903-1904) developed a 
method giving mathematically the transformers with the minimum 
price for the active material under any given conditions, assuming that 
the densities in the iron and in the copper are the same in all parts (see 
Appendix I.). 

In the following tables are given the comparisons for 100-k.v.a. 
50-регіоа transformers of the types mentioned above, the one being 
a low-tension transformer having a copper space factor К, =0:5, the 
other being a high-tension transformer having a copper space factor 
K,— 02. We assume further the iron space factor К,==0'9 and the 
ratio between the price рег lb. of copper and iron C, = 3 in both cases. 
We further assume the product of induction and current density 
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BA=6 x 10 and а sine-shaped E.M.F. curve. The types compared 
are the following :— 


Shell type with rectangular coils. - 
Circular shell type. 

Core type with rectangular core. 
Core type with circular coils. 


Fig. 1 shows the type and gives the notations for the linear 
dimensions of the transformers. қ 
The types for the sake of comparison all drawn the same scale 
and illustrate the low-tension transformers $ T^5le I. 
For the two 100-k.v.a. transformers the гези ре in the following 
pod 


table are obtained :— 4 


P6. i | n 
TABLE I.* i 


- ---- а EEEE таты E E EA EE E E CL NN WA ee ee ET, 


Ke. o's. | 072. 


Rectany Circu- Rectan Circu- || Rectan-| Circu- | Rectan-| Circu- 
Туре. шаг | {аг gular lar Шаг lar gular lar 
Shell. | Shell. | Core. | Core. hell. | Shell. | Core. | Core. 


| 
а pum in.| 128 in.| I5 in. |153 їп. 148 in.| 19 in. |223 in. 
4 


| | 
b hon 4h S158 | 52 ле | 4 „| S 
| 
с 715 » 316 ” 6 » = 78 ” 31% ” 6 ” T 
d 158 DU 128 |n » 102 ,, 16 RE „ 134 " 10% ,, 


Iron weight, Ibs. "wn 1,150 | 1,160 || 1,710 | 1,750 | 1,555 | 1,590 


| 


Copper weight,Ilbs.| 465, 485| 525) 520 520| 545] 580] 568 


x copper weight | 
proportional to + | 2,605 | 2,705 | 2,725 | 2,720 о 
| 


Iron weight + ni) 
the cost of Ше | 


active material 


From the above it will be seen that the difference in the amount of 
material for the four types is very small. The rectangular shell type 
is in all cases (especially for high copper space factors) slightly 
superior to the other types, while the circular shell type for low 
copper space factors (i.e, for high voltages) is somewhat inferior to 
the other types. 

It is further interesting to note that a reduction of the copper space 
factor, from 05 to o'2 (i.e., to 40 per cent. of its original value), corre- 


* All figures in the tables are only approximate, as the ordinary slide rule'has been 
used. 
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ШШ] 


dp 


i 
Rectangular Shell Type. Circular Shell Type. 


Rectangular Core Type. Circular Core Type. 
Fic. r.—Transformer Types, 100-k.v.a. Size. 


Copper space factor, 0'5. 
Iron space factor, 0'9. 


(All drawn to the same scale.) 
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% 
sponds to an increase іп the cost of the active material of approximately 
21 to 25 per cent. for the different tvpes. 

For a true comparison between the types it will also be necessary 
to compare the electrical performance. Let us first assume that the 
transformers would be used as power transformers, having the highest 
efficiency at full load, i.e., at full load the iron and copper losses should 
be equal. We will further assume that the iron used in all transformers 
will have a loss of 1'5 watts per lb. at an induction of 10,000 lines per 
square centimetre at 50 periods, and that the iron loss varies as the 
square of the induction. This latter assumption is not strictly correct 
for the whole range of inductions, but for the usual qualities of trans- 
former sheet steel it is very nearly true between the limits of 5,000 
to 10,000 lines per square centimetre, and the assumption simplifies 
matters considerably. The copper loss per Ib. of copper at a current 
density of 1,000 amperes per square inch and at the actual working 
temperature of the transformer we assume to be 2:6 watts, which will 
be correct for usual temperature rises and for windings which are so 
designed that practically no eddy losses take place in the copper. The 
copper loss per lb. will vary as the square of the current density. 

The results obtained under the above assumptions for the copper 
space factor o'5 and o'2 are given in Table II. 


TABLE II. 


Ke. 0%. 


Rectan-| Circu- | Rectan-| Circu- || Rectan-| Circu- | Rectan- 
Type. sular lar gular gular lar gular 
Shell. | Shell. Core. Shell. | Shell. Core. 


B (induction) ... | 7,000 | 7,030 | 7,300 6,590 | 6,650 | 6,940 


А (current density) 850 | 855 | 822 910 


Copper loss | Watts 890 | 925 | 920 1,118 
Maximum effici-) 
ency at full load, ‚| 98:25 | 98°18 | 0810 97:82 
per cent. j 


If we repeat this comparison, designing the above transformers as 
lighting transformers, having at full load a ratio of copper loss to iron 
loss of 2°25 for instance, the results given in Table III. will be obtained. 
The transformers thus designed will have their maximum efficiency 
at two-thirds load, when the copper loss is equal to the iron loss. 
This maximum efficiency (under the assumption regarding iron loss 
made above) is the same as the efficiency at full load for the power 
transformers. 
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TABLE III. 


ke. 0:5. 02. 


Rectan-| Circu- | Rectan-| Circu- 
Type. gular lar gular lar gular lar gular lac 
Shell. | Shell. Core. | Core. 3 

| 

| 


В (induction) ... | 5,690 | 5,720 | 5,950 | 5,920 
А (current density) | 1,052 | 1,048 | 1,008 | 1,010 
Iron loss, watts ...| 567 ( 618 | 612] 612 


Copper loss, watts | 1,340 | 1,387 | 1,378 | 1,378 


Efficiency at full | . "T | 
load, per cent. | 98:10 | 98°03 |9805 | 98°05 


Maximum  effici- 


ency at two- | | | 
thirds load, per (|9825 |9818 |9819 |9819 


cent. 


97°82 |0775 |9780 | 07:80 


————————— 


It will be seen from the above tables that the difference in electrical 
performance between the types is too small to be of importance in 
practice, though the difference in losses for the types is of the same 
order as the difference in the cost of the active matcrial. All types 
are equally adaptable as power and lighting transformers, as will be 
seen from the above tables. 

In these comparisons all the most important electrical qualities 
of the transformers are taken into account except the reactance, 
which together with the copper loss determines the regulation of the 
‚ transformer at different power factors. 

The reactance for transformers which have combined lighting and 
power load is of very great importance indeed. Notwithstanding this, 
however, it is justifiable not to consider the reactance in the above 
comparisons, as this does not depend so much on the form of the core 
or the type of the transformer as on the arrangement of the windings. 
Thus for any of the transformers given above it is possible to obtain 
reactances of то per cent. or more, ог of 14 per cent. or less, according 
to requirements. The only influence that the demand for a very small 
reactance has on the electrical design is that the high- and low-tension 
coils have to be more interleaved with each other so that more space 1s 
taken up by the insulators—z.e., the copper factor is reduced. 

It must further be noted that the proportions between the linear 
dimensions of all the above types may be considerably modified without 
altering the price of the active material appreciably, so that if, for 
instance, in the core type, it is decided to use concentric windings, a 
form of opening can be chosen which gives less reactance than that 
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obtained with the theoretically cheapest transformer, whilst the difference 
in active material required is negligible. 

To make a comparison regarding reactance for the different types, 
we have calculated it for the following arrangements of windings, using 
the formula first given by Dr. Kapp,* with constants according to 
measurements on the different types of windings :— 


I. Single concentric winding with the low-tension coils inside, the 
high-tension coils outside, with the following principal distances for 
insulation purposes :— 


Iron to low tension, ү; in. 
Low tension to high tension, 3 in. 
High tension to iron or high tension to high tension, 45 in. 


2. Double concentric winding with one half of the low-tension coils 
inside and the other half outside the high-tension winding, so that this 
is enclosed between the low-tension coils. 

The distances are assumed to be the same as above. 

3. Interleaved winding with the arrangement— 


LHHL. 


Distances—High tension to low tension, } in. 
High tension to iron or between high tension of dif- 
ferent cores, 3 in. 


4. Interleaved winding with the arrangement— 
LHHLLHHLLHHL, 
with the same distances as under 3. 


The figures for the distances are assumed to be such that it will 
be possible to wind the high- and low-tension coils separately, so 
that in the event of repairs, etc., only the damaged coils need be 
replaced. 

So as not to complicate the calculations, we have assumed that the 
copper factor o'g is obtained for all these arrangements. Table IV. 
thus gives the reactance for the various types of transformers 
already compared in Tables I., HI., and ШІ. for a copper space 
factor of o's. 


a 


* Reactance per cent. = KS e+ 4 n 


K = Constant depending on arrangement of winding. 
X = Ampere-turns. 


М = Total tlux. 

е = Distance between high- and low-tension coils. 

L = Sum ot thickness of adjacent high- and low-tensien coils, 
і = Path length of reactance flux. 

Le = Mean length of each turn of the winding. 
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TABLE IV. 
Reactance As Power Transformers. As Lighting Transformers, 
: Copper Loss = Iron Loss. | Copper Loss = 2°25 Iron Lass. 


Kectan-| Circu- | Rectan-| Circu- || Rectan-| Circu- | Rectan-| Circu- 
Type. gular lar gular lar gular lar gular lar 
Shell. | Shell. | Core. | Core. Shell. | Shell. | Core. Core. 


Arrangement г... | 10°40] 1170 | 4:00 | 490|156 | 16°50] 6:00| бо 
» 2... | 325| 34 1°35] 1'35 || 49 | 510) 2'09| 29 
" 3... | 750! 65 |10:00| 14:00 || 1172 9:70 | 15:00 | 2170 


, 4... | 1'55| ІЗ | 2°30] 3°50] 23 | 195] 355| 5? 


It will be thus seen that with suitably designed windings any 
regulation can be obtained with any of the above types. 

For the shell types it will generally not be advisable to use the 
single concentric winding, as the regulation at low power factors will 
be too bad. The double concentric winding, however, gives fairly 
good results, but for practical reasons this arrangement of winding 15 
very seldom used for the rectangular shell type. 

For the core type, the single concentric winding gives fair regula- 
tion, and the triple concentric winding very good regulation. 

If the interleaved winding is adopted, the core type requires a 
larger number of coils than the shell types for obtaining the same 
regulation. 

The possibility of obtaining any reactance for any type of transformer 
is also of interest from the point of view of banking of transformers of 
different types. 

For good banking of transformers is required— 


1. Exactly the same ratio at no load for the different transformers. 

2. Connections to give the same polarity. (Of special importance 
for 3-phase transformers.) 

3. The same impedance voltage, i.e., the voltage required to 
circulate the full-load current through the secondary winding, 
this being short-circuited. 


(The impedance voltage is equal to— 
AJ (resistance drop)? + (reactance drop)’.) 


The ratio of reactance to resistance drop is in so far of importance 
for the banking of transformers, as the phase of the currents flowing 
will be different if this ratio is not the same. It must, however, be 
very different indeed before the phase displacement between the 
currents is sufficient to appreciably diminish the total load-carrying 
capacity of the bank of transformers. 
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It is evident from the above that it is possible in any type of trans- 
former to arrange the winding so that it will parallel with any given 
transformer of the same or of other type when the data regarding 
ratio, connections, and impedance voltage for the existing transformer 
is known. This is made much easier because it is possible for any 
given transformer and winding arrangement to alter the reactance by 
altering the ratio of copper to iron loss as shown in Table IV. 

If we thus compare the reactance for the same arrangement of 
winding for the power and lighting transformers, it will be seen that 
the reactance for the lighting transformers is 1°5 times larger than for 
the power transformers—i.e., the reactance for any given arrangement 
of winding (as well as the copper loss) increases in the same ratio as 
the iron loss is reduced. For any given fame, copper space factor, 
and winding arrangement, the ratio between the regulation at power 
factor unity (4.е., ohmic drop) and at power factor o (reactance) is thus 
constant. 

One important feature has not yet been taken into account in the 
previous comparisons—namely, the cooling surface obtained for the 
different types. 

This question is, of course, more difficult to settle mathematically 
than the others already treated, as it must be remembered that by 
inserting ventilating ducts and by providing special cooling facilities 
it is possible to kcep a transformer of any of the above types cool. By 
altering the proportions the cooling surfaces can also be increased for 
any of the types without appreciably altering the price and weights. 
For the theoretically cheapest 1oo-k.v.a. transformer of the different 
types at a copper space factor of o'5 as figured above, the cooling 
surfaces are approximately as given in Table V. when no ventilating 
ducts are inserted. 


TABLE V. 
Rectangular Circular Rectangular, Circular 


Type. Shell. Shell. Corm: Core. 


Square Inch Square Inch. | Square Inch] Square Inch 


Free copper surface... 770 740 1,500 1,530 
Free iron surface ... | 1,825 I,350 1,500 I,335 
Total free surface * — ... | 2,595 2,090 3,000 2,865 
Iron to copper surface ... | 1,060 1,250 1,080 I,100 
Iron to iron surface vas о 610 + о о 


{theoretically x) 


Copper to copper surface о О 320 2бо 


* By free cooling surface is meant that surface of the active material, the normal 
to which does not penetrate any other active material. 
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As the cooling of the copper is most important (due to the insula- 
tion), it will be seen that the core types in this respect are better than 
the shell types. Especially is this so in the case of the circular core 
type, as the surface copper to iron and iron to copper for this type of 
transformer to a large extent can be considered as active cooling 
surface without diminishing the space factors. The cooling of the 
copper of the rectangular core type, and still more of the rectangular 
shell type, can be greatly improved when the sandwich winding is 
adopted by sprefding the coils—i.e., by bending them outwards 
outside the iron. This increases the surface considerably without 
reducing the space factor, is standard practice for Westing- 
house transformers of théseftypes. The circular shell type is, as 
regards the cooling of the? :opper, inferior to any of the others, but as 
regards the cooling of the'Won, superior even to the rectangular shell 
type, as theorctically each pitching has cooling ducts on both sides. 

Before concluding this more theoretical comparison between the 
types, it will be of interest to sec if the assumption of approximatcly 
the same copper space factor for the different types is justified. We 
have, therefore, made up a table (Table VI.) showing the percentage of 
the space in the opening left for the copper, the internal insulation and 
ventilating ducts for the different winding arrangements for which the 
reactance has previously been calculated. 


TABLE VI. 
ipo і | Rer lin pulan Circular Rectangular Circular | 
yell. Shell. Core. Core. | 
Winding arrangement 1 66-5 6+5 бго 61:5 
» n 2' 665 645 5470 550 
á i $0 300 750 725 739 
» » 4 | 680 66:0 065 685 | 


It will be seen that, except for the double concentric winding, 
where the core types will give smaller cepper space factors than the 
others, the different types in this respect are approximately equal. 

Having thus completed the theoretical comparison between the 
different types, and having found that they are practically equal, 
with the exception of the rectangular shell type which shows a slight 
superiority over the others, we will confine our further theoretical con- 
siderations to this type alone, though all the conclusions made will be 
exactly the same for all the types. (See Appendix II., from which the 
following conclusions are drawn.) 

A given frame has for given space factors, etc. (i.e., given voltages), 
the same maximum efficiency, whatever its rating. If, therefore, for 
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special reasons it is desired to obtain for a 50-k.v.a. transformer the 
same standard efficiencies as for the roo-k.v.a. size, the same amount 
of active material will be required as for a standard 100-k.v.a. trans- 
former. 

It is further seen that the demand for abnormally high efficiencies 
compels the manufacturers to try to use excessively high space factors, 
so that the insulation is cut fine and the reliability of the transformer 
reduced. 

The metallurgist has, however, assisted the manufacturer in this 
matter by offering alloyed iron having considerably better magnetic 
qualities than the material previously obtainable. If, for instance, a 
special alloyed iron having approximately 60 per cent. losses at the 
same induction and periodicity compared with ordinary iron is 
employed, then the same maximum efficiency can be obtained at 
(06)? 2 = 0'465 of the original weight. If the same efficiency is required 
at the same output as with ordinary iron, the product of induction 
and current density can be approximately 2°75 times larger than 
before.* 

In all the comparisons in Appendix II. it has been assumed that when 
the linear dimensions are aJtered they are all altered in the same 
proportion. This assumption is more particularly justified as it can be 
proved that for a given product of the linear dimensions а, b, c, d, the 
maximum efficiency for any space factors and loss factors is obtained 
at the same ratio between the linear dimensions independent of the 
space factors, rating, etc. This ratio corresponds also to the cheapest 
transformer for one certain combination of the iron space factor divided 
by the copper space factor and the ratio between copper price and iron 

А ‚К, 
price per lb. (ie. К. 5 | | 

We have, however, found that the difference in percentage loss (for 
a given output, induction, current density, space, and loss factors) 
between the cheapest and the best efficiency transformer for all 
practical conditions is very small, while the difference in price is under 
certain conditions very considerable, so that the method of determining 
the best efficiency transformer is of little practical value. 

As the importance of the use of alloyed iron in transformer work is 
increasing, it might be of interest to go further into this question. 

For this purpose we assume that the alloyed iron as finished 
punching has double the price per Ib. of ordinary transformer sheet 
iron, and that the loss per lb. is бо per cent. of that for ordinary iron 
at the same induction and frequency. Under these assumptions we 
calculate the cheapest roo-k.v.a. transformer of the rectangular shell 
type, having the same copper and iron space factor (o'5 and o'9) as 
in our first example. 


* In practice the gain due to the new iron will not be quite as large as figured 
above, due to the fact that the smaller transformer at the same voltage will have a 
smaller copper space factor, and it will, further, usually not be possible to increase the 
product of induction and current density in the proportion given above due to heating, 
no-load current, etc. | 
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I. With the product of induction and current density being 


v. = I29 larger than before, corresponding to the 


same loss in watts per lb. of material. 
2. With the product of induction and current density being 
(1%) — 2777 larger than before, corresponding to approxi- 
mately the same efficiency. 


In both cases the ratio between the price per Ib. of copper and iron 
C, = 1'5 according to previous assumptions. 


TABLE VII. 


Вха .. ке ы T ... | 7°75 X 108 І772 X 10° 


Iron weight  ... € = sie 775 Ibs. 425 lbs. 
Copper weight ... 45% әз oki 494 » 272 3.7 
2 iron weight + 3 copper weight pro- | 
portional cost of active material ... 3,030 bos 
B (induction) ... T 2% ins 10,300 I5,300 
A (current density) ... n ste 755 | 1,120 
Iron loss = copper loss, watts aa 738 890 
ча а d. T og 


It will be seen from a comparison of the values obtained in 
Table VII. with those in Tables I. and II. (for ordinary iron) that 
whenever the size of a transformer is limited by efficiency it will be of 
advantage to use the alloyed iron mentioned above. 

If the limit is heating, the same will be the case, as sufficient 
ventilating ducts can be inserted in the iron and in the windings by 
diminishing the space factors, so that the limit comes back to that of 
efficiency. "There are, however, other considerations which diminish 
the advantage somewhat, especially the question of the no-load current, 
which, at an induction of 15,300, would be considerably higher than 
in accordance with good practice. This can partly be overcome by 
making the ratio between copper loss and iron loss larger or by using 
more iron and less copper than for the theoretically cheapest trans- 
former. The practical application of the first remedy is limited by the 
regulation and by thc difficulty of cooling the copper without diminish- 
ing the copper space factor too much. The second remedy means a 
somewhat morc expensive transformer if applied for too wide limits. 


= — ———— ÁÀ "im HEB mm, len 


---—-- 
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The adoption of the special alloyed iron tends therefore to bring 
transformers having considerably higher efficiency and only very little, 
if any, higher cost to the front. 

It must here be remembered that the mechanical construction and 
the means for cooling will be cheaper for the transformer with alloyed 
iron, as its dimensions are smaller, and smaller losses have to be 
dissipated. 

There is one further question which сап be treated mathematically 
and which is of importance for the transformer designer, and still more 
for the transformer user, and that is the most economical ratio between 
copper and iron loss for transformers which do not run continuously at 
full load. In many hand-books, etc., it is stated that the ideal condition - 
is to obtain the maximum all-day efficiency. 


+ t Г - 

FEE Е 

жылы L —— ч | Rc 

75 80 85 90 95 100% 
Load factor. 


Fic. 2.—Curve showing the theoretically most economical Ratio between Iron and 
Copper Losses at Full Load for given Load Factor and Price per Unit. 


This is, however, not correct, as it is based on the assumption that 
the price per unit is constant independent of the load of the generating 
station. It must, however, be taken into account that the iron loss goes 
on always, and therefore corresponds to тоо per cent. load factor, 
while the copper loss has its maximum when the load is maximum, i.e., 
the copper loss increases the peak load, so that the unit of copper loss 
will cost considerably more than the unit of iron loss. 

To treat the subject mathematically in a simple manner, we will 
assume that the load per day consists of full load for a time of 24 x a 
hours, corresponding to the load factor a (the rest of the time no load 
at all), and that the price per unit 6, alters with the load a as per 
curve Fig. 2, drawn to correspond with the figures in Mr. Snell's 
paper.* 

* Fournal of the Institution of Electrical Engineers, vol. 40, p. 288, 1908. 
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The iron loss is X per cent. of the full-load output of the transformer. 
The copper loss at full load is Y per cent. of the full output. According 
to our previous assumption (see Appendix II.) the product of X x Y 
will be constant for a transformer of a given size and price. 

The price for the losses should be a minimum, 1.¢.— 


Х х 24 х ба- а Y x 24 X a x b, = minimum. 


From this it follows that the most economical ratio between copper 
loss and iron loss is— 


The values are given in the curve. 

It would, however, be good practice to make the ratio between 
copper loss and iron loss still smaller than according to this curve for 
the following reasons :— 


I. The iron loss increases somewhat more slowly than propor- 
tional to the square of the induction. 

2. The larger the ratio between copper and iron loss the smaller 
will be the wire used, whereby the copper space factor will 
be reduced and the losses and the price accordingly increased. 

3. The smaller wire and the larger number of turns means a more 
expensive transformer. 

4. A high copper loss means bad regulation, which will have 
to be compensated for by the use of cable of larger dimen- 
sions, etc. 


We would therefore recommend that for ordinary voltages the 
ratio between copper and iron loss at full load should not be larger 
than about 80 per cent. of the values given in the curve. For trans- 
formers for very high voltages and comparatively small outputs the 
ratio between copper and iron loss should be considerably lower. 

Similar considerations, taking into account the alteration in price 
per unit with the load factor, should in each case be made if the con- 
ditions are such that it might be advisable to cut out (either auto- 
matically or by hand) the main transformer and instead use a small 
one at low loads. 

Having now finished the more theoretical considerations we turn to 
the practical. 

From a practical point of view, {һе most important difference 
between the various types of transformers is fhe method of cooling. 

Efficient cooling is, of course, essential to minimise the fire risk, to 
prevent deterioration of the insulation, ageing of the iron, and increase 
in copper loss. 

The different methods of cooling * in actual service are :— 


* Quite a number of other methods of cooling have been proposed and patented, 
but have not come into extensive practical use. 


Figl 3.4 Fhrec-phasc 
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(а) Natural draft. 

(b) Oil insulated self-cooling (O.I.S.C.). 

(c) Air blast. 

(d) Oil insulated air blast (see Fig. 3). 

(е) Oil insulated water-cooled, with cooling either internal or 
external. | 

The first two types possess the advantage of being entirely self- 
cooling, and do not require any auxiliary apparatus such as blowers or 
pumps. Theoretically these two types may be designed for any size. 
Practically, however, the limits in output for which the natural draft 
type can be economically built are very narrow, since as the size of the 
transformer increases, the exposed surface per unit volume of active 
material decreases rapidly, and accordingly also the material den- 
sities which can be allowed without undue heating under operating 
conditions. | 

The O.I.S.C. type can be built for very much greater capacities than 
the natural draft type, since the heat conduction between metal and oil 
is very much greater than between metal and air. 

Comparing these types, the natural draft has the advantage of 
greater cleanliness, especially іп case of repairs or alterations and 
ease of transport. 

On the other hand, in the O.LS.C. type there is a greater 
uniformity of temperature throughout the active material (and con- 
sequently diminished stresses due to expansion), and owing to the 
greater volume of materials and the high specific heat of the oil the 
thermal capacity is very much increased, so that overloads can be 
carried for much longer periods. 

Further, the O.I.S.C. type is capable of withstanding a higher tem- 
perature without injury than the natural draft type, due to the fact that 
the organic insulating materials being oil immersed do not deteriorate 
so rapidly. 

The scope of the natural draft transformer is restricted not only by 
the size for which this type can be economically built, on account of 
thermal characteristics, but also for voltage considerations, whereas 
with the O.I.S.C. type there are no such voltage limitations owing to 
the high insulating and self-heating properties of the oil. Hence we 
find that the oil-insulated type is used for practically all really high- 
tension work, and in the opinion of the authors the natural draft type 
should be confined to very small sizes and low voltages. 

With the present available materials the economic limit for the 
O.I.S.C. type is about 1,500-2,000 k.v.a. at 50 periods. 

In the remaining types the output, both from a theoretical and prac- 
tical point of view, is unlimited. Of these types, the oil-insulated water- 
cooled can be advantageously used only where there is an abundant 
supply of cheap water at a low temperature. When the water can be 
utilised without the necessity of pumps this type is undoubtedly the 
most reliable and economical of those with artiticial cooling. When 


388 FLEMING AND FAYE-HANSEN : TRANSFORMERS: [Dec. ist, 


cheap water is not available air-blast types should be used for large 
units. The ordinary air-blast type without oil insulation is the one 
that has hitherto mostly been used under such circumstances, but 
its safe application is limited by voltage ; and further, this type is 
dependent on the continuity of the air supply, since if this fails the 
transformer would in a very short time attain a dangerous temperature. 
On the other hand, the oil-insulated air-blast type, as well as the oil- 
insulated water-cooled types, owing to the large thermal capacity of 
the oil, can carry their full load without injury for a considerable time 
should the air or water supply fail. For the same reason these types 
can carry overloads for considerably longer periods than the ordinary 
air-blast types. 

The cooling mediums in the oil-insulated forced cooled types may, 
of course, be applied in many different ways. For instance, in the oil- 
insulated air-blast type the air may be applied through internal ducts 
or directly to the surface of the case (see Fig. 3). Both these arrange- 
ments have been successfully built. 

Similarly, the oil-insulated water-cooled type may bc built, having 
a cooling worm inside the tank through which the water circulates, 
or the water may be applied directly to the surface of the tank, or the 
oil may—by means of a special circulating pump—be forced from the 
top of the tank through an external cooling worm, immersed in water, 
back to the bottom of the tank. This latter method, for very large 
units, say of 5,000 k.v.a. and upwards, is probably the most suitable ; 
while, on the other hand, the necessity of the oil-circulating pump 
diminishes somewhat the reliability of the whole plant. 

With regard to the safe-limiting temperature conditions for trans- 
formers, it might be pointed out that the temperature rise, as given by 
the manufacturers, is that above the surrounding air (or, in the case of 
forced cooled transformers, the applied air or water), so that it is 
important for the user to keep this down as low as possible, since the 
depreciation of insulation and ageing of iron does not depend on the 
temperature rise, but on the actual temperature attained. This tem- 
perature should not for any length of time exceed about 85° C. (German 
Normalien 95° C., A.I.E.E., 75° C. at full load, and 90° С. at overload). 

With transformers of the forced cooled type the temperature of the 
cooling medium (air or water) can usually be easily kept low enough, 
and the air temperature of the transformer chamber is of secondary 
importance. In the self-cooled types, however, particularly for large 
units, special precautions must be adopted to ensure adequate ventila- 
tion of the transformer chamber. The importance of this point seems 
to be very much underrated, as, for instance, in transformer street 
tanks, in which usually no provision 15 made for the cooling of the air 
surrounding the transformer. A similar condition exists in many trans- 
former chambers and sub-stations. 

It is, of course, futile to build transformers, and provide such a 
large radiating surface as to give only, say, 35° to 40° С. rise, if the 
transformers are put into chambers, the ventilation of which is 50 
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inadequate that the air in the chamber obtains an additional rise of 30° 
or 40? C. over the outside temperature before the transformer losses 
can be dissipated, as this would give a total temperature rise of 65? to 
‘80°C. We have, nevertheless, found transformers installed in such 
situations in many parts of this country by prominent engineers, and 
the performance of the plant under such conditions has sometimes 
led to strained relations between the user and the manufacturer. 

A matter not less important than temperature is that of insulation. 
Broadly speaking, there are two considerations to be observed which 
apply to all types of transformers. 

The first is the “ external" insulation, 1.е., the insulation protecting 
the high- and low-tension windings, and the individual coils from each 
other and ground. 

This external insulation usually gives very little trouble, provided 
the materials used have the requisite insulating and durable features, 
and no direct fault in the design has been made. Special care must, of 
course, be observed both in the general design as well as in the arrange- 
ment of insulation to leave the windings ventilated as much as possible, 
and, further, in the case of high-tension transformers where consider- 
able thicknesses of dielectric are used to thoroughly ventilate same, so 
as to avoid internal heating due to dielectric loss. 

The insulation tests applied to the finished apparatus generally 
ensure that the external insulation has a margin of safety which is 
quite ample for ordinary operating conditions, including the momen- 
tary over-potentials which are liable to occur in practice. 

The second consideration, which is by far the most important, is 
that of the “ internal" insulation—1.e., the insulation between the various 
parts of individual coils. Here good results depend essentially on 
workmanship, and also on the mechanical features of the insulating 
materials more than on their insulating properties. In all well-designed 
transformefs care is taken that the voltage between adjacent con- 
ductors normally is reduced to a very low limit, so that the ordinary 
cotton covering, even if not reinforced by other insulating material, 
will give a margin of safety of, say, ten times the working voltage. 
This additional reinforcement should, however, always be used between 
adjacent layers and sections. 

It must be remembered that during sudden changes of potential 
the voltage across the terminal portions of the high-tension winding 
may for a short time be raised to many times the normal value, so that 
for large transformers for really high voltages it is becoming standard 
practice to specially insulate the end turns, except in such cases where 
the necessary protection is afforded by heavily insulated choking coils 
arranged outside the transformer in series with the high-tension 
winding.* 


* J. Peck, S'ournal of the Institution of Electrical Engineers, vol. 40, p. 498, 1908 ; 
P. H. Thomas, Transactions of the American Institute of Electrical Engineers, vol. 19, 
pP- 213 and 1,021, 1902; and S. М. Kintner, Transactions of the American Institute of 
Electrical Engineers (Discussion), vol. 26, part 2, р. 1,190, 1907. 
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Unfortunately it is almost impossible by means of tests to ensure 
that the internal insulation is really satisfactory, since, should this 
insulation be mechanically damaged in handling, a test of three or even 
more times normal voltage may fail to burn out the fault, the space 
separating the conductors offering sufficient insulation to withstand the 
test conditions; whereas during transit, or if the transformer is heated 
to a higher temperature, this distance may be diminished, so that a 
breakdown ultimately occurs at normal voltage. 

Further, the operating conditions causing potential concentration 
cannot easily be reproduced in the factory during testing. Faults in 
the “internal” insulation can only be obviated by careful workmanship 
and close supervision. 

In the case of oil-insulated transformers of very high voltages, say, 
of 100,000 and upwards, the principal insulation difficulty is not in 
protecting the windings, but in bringing the terminal conductors safely 
out of the transformer case. 

This problem is somewhat the same as that of insulating a high- 
tension cable, except that there is the added difficulty of obtaining 
sufficient creepage surface in the limited distance between the trans- 
former terminals and case. 

A form of terminal insulation which has been latterly introduced 
for dealing with this problem in very high-tension transformers consists 
of alternating cylinders of insulation and metal foil wound on to a metal 
tube which constitutes one of the terminals. The consecutive layers of 
insulation are of similar material and thickness, and the metal foil 
cylinders have each approximately the same area, so that in accordance 
with the law for condensers of similar capacity in series, the potential 
gradient across the entire dielectric thus composed will be uniform. 
This permits an economy in the total radial thickness of material 
required, and prevents the greater part of the stress falling on a small 
thickness of insulation nearest the terminals. ® 

In laying out the windings so as to ensure the best disposition of 
insulation, care must be taken not to lose sight of their mechanical 
rigidity. 

While under normal working conditions the mechanical stresses 
will be very small, these may become appreciable during transit and 
erection, and especially also after the transformer is in service in case 
of short-circuits on the secondary side. This point in the design of 
transformers has not until recently received the attention it deserves, 
and even in some modern designs by prominent makers no provision 
has been made for dealing with such stresses. 

It must be remembered that the electromagnetic stresses developed 
are proportional to the square of the current flowing, and in modern 
transformers having very close regulation at low power factor the 
current on short-circuit may be from 5o to тоо times the normal full- 
load current, corresponding to 2,500 to 10,000 times the normal 
stresses. 

For instance, in the case of a 1,200-k.v.a.3-phase transformer having 
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a close regulation, the forces tending to displace the winding were 
calculated to be 2°8 tons for the coil nearest to the yoke. 

Fig. 3 shows a construction adopted for taking care of these 
stresses. In this r,700-k.v.a. transformer, which has not.a specially 
close regulation, the forces on short-circuit are calculated to be about 
half this amount. 

It will thus be scen that the tendency for obtaining closer and 
closer regulation for transformers is a somewhat dangerous one, 
especially if the size of the power plant is such that the voltage is 
maintained if a short-circuit takes place on the secondary side of the 
transformer. 

Undoubtedly also this very close regulation makes the paralleling 
of transformers more difficult, as a small difference in the ratio will 
cause very heavy circulating currents.* 

In choosing the most suitable type of transformer, the manufacturer . 
is to a large extent guided by its adaptability for really sound and 
strong mechanical construction, since as pointed out in the earlier 
portion of this paper the electrical difference between the various types 
is exceedingly small. 

Contrasting briefly the mechanical features of the various types :— 


(a) The rectangular shell type affords a sound mechanical 
construction cmbodying a short iron circuit, easy method 
of building, all joints interleaved, freedom from humming, 
and no bolts are required through the laminations. 

(b The rectangular core type is constructed either on the same 
general lines as the shell type, or it may be built on lines 
which conform more readily to the general ideas of core- 
type transformers. In the latter case the cores and yokes 
may be interleaved or arranged with a butt joint between 
them, and with this type either concentric or sandwiched 
windings may readily be used, whereas in the former type 
the sandwich winding is preferable. 

(c) For large sizes the circular core type construction requires 
the use of bolts through the laminations to ensure a really 
rigid mechanical construction, and is generally built with 
a butt joint between top yoke and cores, which affords 
an easier means of assembly and removal of the coils than 
does the shell or rectangular core type having. interleaved 
joints. With this type either the sandwich or concentric 
winding may readily be used. 

(d) Regarding the circular shell type the authors have had no 
experience in the building of the magnetic circuit, but from 
the appearance of the finished transformer there would 
seem to be some difficulty in making a really substantial 

* For instance, if in a bank of transformers having each an impedance of 1 per 
cent., ene should have a ratio 4 per cent. higher than the others, the current circu- 


Jating at no load through this transformer will be as much as 50 per cent. of its full- 
load current. 


Vor. 42. 26 
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mechanical job of securing the laminations. With this 
type probably the triple concentric or sandwiched windings 
are usually adopted. 


There are many other points, such as causes and prevention of 
humming, ease of repairs, facilities for transit, etc., which are not 
within the scope of this paper to consider in detail. 

In the shell as well as those rectangular core types of similar con- 
struction, the laminations have to be removed singly before any repairs 
can be effected. Оп the other hand, it is much easier with these types 
to prevent humming than in the types where butt joints are employed. 
The prevention of humming becomes more difficult as the size of 
transformer increases, and the higher inductions incident on the usc 
of special alloyed iron also tend to increase the trouble. 

As has been pointed out earlier in this paper, for high voltages and 
large transformers it is essential to adopt the oil-cooled type. 

As is well known, it is exceedingly difficult to make a tank entirely 
impervious to oil, the first difficulty being to find materials that are 
immune against sweating, and the second to make joints that do not 
leak or sweat. 

No joints, unless soldered or welded, are absolutely safe against 
hot oil, neither will painting or any such treatment permanently ensure 
oil tightness. One of the reasons for complaints of oil leakage has 
been that such treatment has in the first place been used which has 
for a short time prevented the sweating of the oil and given the 
impression of the tank being quite oil-tight. 

With suitable materials and design, and expert workmanship, 
leakage troubles can be satisfactorily overcome. 

For small sizes of transformers it is customary to use cast-iron tanks 
galvanised or enamelled, so as to render them impervious to oil. For 
larger sizes, sides of corrugated sheet iron have been used, soldered 
to sheet-iron bottoms and secured in deep grooves in top and bottom 
castings, or tanks of plain sheet iron having cooling ribs soldered on 
outside and inside. 

The tanks for oil-insulated water-cooled transformers are usually of 
plain boiler-iron construction. 

To obtain tanks of this kind quite oil-tight requires that special care 
shall be taken in rivéting and calking, and the manufacture can be 
satisfactorily undertaken only by boiler-makers having special experience 
in work of this class. 

Theoretically in the oil-insulated types there is a possibility of the 
formation of an explosive mixture of oil and air vapour, which in the 
event of ignition might cause considerable internal pressure, but 
although there are in service many thousands of transformers in cases 
ill-suited to withstand such pressures, as far we are aware no trouble 
due to this cause has ever occurred in practice, and while attempts have 
been made to produce experimentally explosions in transformer cases, 
the results tend to show that danger from this source is only theoretical, 
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The fire risk in the case of oil-cooled transformers is also very much 
exaggerated, as the oil now used in transformers is far from being the 
inflammable material that it 15 ordinarily believed to be. An instance 
may be cited which aptly illustrates this.* Ап oil-cooled transformer 
which had just been removed from the oil took fire from a torch used 
for unsoldering some connections and blazed freely. The fire, how- 
ever, was quickly extinguished by dropping the transformer bodily 
back again into the oil. 
| Notwithstanding this property of the oil, it must be remembered 

that in large oil transformers there is a considerable amount of com- 
bustible material stored up which if reached by a fire from outside 
would support the burning. It is therefore advisable in large installa- 
tions either to have the transformers mounted in separate fire-proof 
chambers or to provide means by which the oil can be readily drawn 
off into a special tank which is placed іп a fireproof position. This 
precaution is, of course, only necessary when a very considerable 
quantity of oil is used. 

In conclusion, we would point out that the subject of transformers 
being such a wide one a number of important points have only been 
touched on, and many have not been considered at all, as, for instance, 
such questions as groups of single versus 3-phase transformers, influence 
of periodicity connections, tests, special transformers, regulating and 
boosting arrangements, special water-tight constructions for outdoor 
and underground service, etc., as either of these would itself easily 
afford matcrial for a complete paper. 


APPENDIX I. 


In the following equations this notation will be used :— 


B = Induction in the iron in lines per square centimetre. 

A = Current density in amperes per square inch. 

qı = Active iron section in square inches. 

9. = Total active copper section in square inches. 

Q; = Total area inclusive of insulation and ventilating ducts 
occupied by the iron. 

Q. = Total opening inclusive of insulation and ventilating ducts 
occupied by the windings. 

K, = The ratio between the active iron section and the total 


iron section [5 р 


4 
K, = Тһе ratio between the active copper section and the total 


L, = Mean length of the iron circuit. 
L. = Mean length of each turn of the winding. 


* Transactions of the American Institute of Electrical Engineers, vol. 23, p. 175, 1904, 
Discussion on “ Relative Fire Risk of Oil and Air-blast Transtormers." 


opening о р 
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yi = Lossin І lb. iron at an induction of 10,000 lines per square 
centimetre and 50 periods. 

y. = Loss in І lb. copper at a current density of 1,000 amperes 
per square inch. 

C, — Aconstant depending upon periodicity, wave shape of the 
voltage, and on the units for the linear dimensions. 

C, and С, = Constants depending upon the specific weight of the iron 
and copper and on the units for linear dimensions and 
weights. 

C, = Ratio between the price per lb. of copper and iron as 


finished. materials. 
Using the above symbols, we can obtain the following с juations :— 


I. Output = В 324,4. С, = ВАОГО, К, К, С.. 
[гоп weight us 97 L;C, Q, K; L, C,. 
Copper weight ... = q L: C, = О. K L. C, 


2. The price of active material * proportional to— 


О, К, L; С, + Q. К. L. C, C, 


'The space factor K; for the iron depends upon the thickness of the 
iron sheets, the insulation between them, and on the pressure at which 
theyare kept together, and can therefore be taken to be approximately 
the same for the different types .of transformers (except for ventilating 
ducts). 

Similarly the space factor K, for the copper depends upon the size 
of wire and its insulation and on the insulation between the high- and 
low-tension windings, as well as on ventilating ducts. It depends also 
on the lay out of the windings, but for the same output, voltages, and 
densities, and otherwise similar conditions, it can be assumed to be 
approximately the same for all the types under consideration. 

Theoretically, therefore, that type is the best which gives the 
minimum price of active material at a given output, at given product 
of densities, and at given coefficients K,, K,, and C,. 

For the types we have selected for comparison (see Fig. т), the 
formule for the copper and iron sections as well as for the path-lengths 
of the copper and iron circuits are given in Table VIII. on next page. 

The factor 1-05 for the shell and for the rectangular core type is to 
take care of the necessary play between the outside core and the mould 
for this type of transformer. This factor increases, of course, in reality 
somewhat with the voltage, but as at the same time the part of the 


mean turn indicated by т5 and те is diminished when the voltage is 


increased, for ordinary conditions the above data for the mean turn 
holds good. 


* The current density as well as the flux density is assumed to be uniform 
throughout the active material. 
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TABLE VIII. 


Me: length | Е 
poma А 2(сх d)ros mb л(а-ы2с--)) 2(c +d) 105+ $ b 
| 


| 

Rectangular Circular | Rectangular Circular | 

Shell Type. Shell Type. | Core Туре. Core Туре. | 

ожор жанады ны Шш К 

otal copper) | 

section Qe у axb ' axb | axb axb | 
Total iron!' | | TM 5 
section О, } сха wile | cx d | (1) x d 


T (4 + ф 
2 
| 


2a+2b4+37 05d. 
| 


‚ Mean length 
of iron cir-- 2a+2b+2c 2a42644¢ 
cuit L: J 
| | 


2а+2Ь+ {с 


The above values are put in equations 1 and 2, 2 being partially 
differentiated after the 4 (respectively 3) unknowns, a, 6, c, and d, and 
the differential quotients made equal o. We get then 4 (respectively 3) 
equations from which the dimensions of the cheapest transformer (in 
active material) can be obtained. The results of the application of this 
method are given in Table I. and following. 

We are aware that the results obtained under the assumption stated 
above can be somewhat improved upon by cutting off parts of the 
corners of the iron circuit, and for the circular shell and core types by 
using a larger number of different punchings whereby the part of the 
space inside the coils which is filled by active iron can be increased. 
The advantages obtained are, however, either so small or the com- 
plications involved in the construction and building of the trans- 
formers so great that we do not think it necessary to consider them 
in this paper. 

By using a higher induction in the part of the circuit inside the 
coils than in the rest of the iron circuit a theoretical advantage can be 
obtained for all types. This advantage is, however, only small, and 
when the induction is high (£e., specially for low periodicity trans- 
formers and those in which special alloyed iron is used) the no-load 
current at the same average induction is considerably increased. 

Further, this construction will, as a rule, require a larger number 
of different punchings than the construction with the uniform induction 
throughout. We have therefore confined our considerations to this 


type. 


APPENDIX II. 


The following general formule, which are here applied specially to 
the rectangular shell type, can be obtained for any type of transformer. 
'The periodicity is assumed to be 50 :— 
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BAQ;Q, К; К. С, = BAabcd К; KC, 
Q; K: L; C: = cd K,(a 4- b --c)2C, 
О.К. L. C, = abK,(21c+ 21а+*бС.. 


Tron loss ... = Q; KL, Cy; (с) 


Output 
Iron weight ... 
Copper weight 


= саК,(а+6 + с) 2 С, и (оо), 


Copper loss... = Q, КЁ, C, “(С x) 


= a bK, (21с+ 214 + 7%b)C,y, 


СЕ 
ole 
@ | 

— 
e” 


| | _ LGB _ (a+b+c)2C,y7,B 
Рег cent. iron loss = OK. mie = ак GAI 
sm Ока _ Gekrtd + ВС ya 
Per cent. copper loss — Q,KjC, Bio ^ ^ cd К.С, Bio: ; 


Product of percentage iron loss and E L; Le ys y, C C, 
centage copper loss Q; Q. K; K, C,? то" 


— @+6 +92 (21 с + 21d + rb) yiy С, С: 


|» abcd K, K, Cy 10? 


By means of the above equations we can investigate the results of 
the alteration of the different variables. 

I. We assume that the frame, space factors, and quality of material 
are given, and we vary the induction and the current density. The 
percentage iron loss varies proportional to the ratio between induction 


and current density (=) while the percentage copper loss is propor- 


.tional to the ratio between current density and induction (в). The 


product of percentage iron loss and percentage copper loss is constant. 

It will further easily be seen that the highest efficiency is obtained 
when the ratio between induction and current density is such that the | 
percentage iron loss equals the percentage copper loss. Each of them 

will be equal to :— 


| І К L; Le Yi y Ye Cs Гөз 
С, 105  Q;Q. K, Қ, 
= ! s *tbtozrrekzrd + rb) y y CC, 
C, 105 аёсакК, К, 2 
A given frame has, therefore, for given space factors and quantity 
of materials, a given maximum efficiency whatever its rating. 
2. We assume that all linear dimensions are increased in the same 
ratio to a times their original value, while the space factors, etc., remain 
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unaltered ; the percentage loss at the maximum efficiency will be 
reduced to - of its original value, while the weights will be аз times 


larger, and the output, assuming the product of current density and 
induction to be constant, would be a* times larger than originally. 

3. If the copper (or the iron) space factor is altered to В, the pre- 
vious value for a given transformer frame, the percentage loss at the 


maximum efficiency will be Y, Т larger than before. Тһе copper (ог 


iron) weight is, however, then only 8 times the original weight. The 
influence of reduced space factors is perhaps still more clearly to be 
seen if the iron and copper space factors at the same time are both 
reduced to В, their original value. The percentage loss will then be 
P. and the weight 8 their previous values. If the lincar dimensions are 
altered (all in the same proportions, a) so that the percentage loss would 
remain unaltered, then must a — 2 and the weight and the price of the 


I 


active material be .,, of its previous value. 


В 
Теп per cent. reduction in the copper space factor means thus 
approximately 10 per cent. more active material to obtain the same 
efficiencies, while if the same amount of material is used as before at 
IO per cent. lower copper factor the percentage loss will only be 
approximately 1:03 higher than before. 
4. It is of further interest to investigate the influence of the use of a 
better quality of iron. For instance, if a quality of iron is used which 
has only M per cent. of the losses per Ib. of that of ordinary iron, while 


frame and space factor remain unaltered, the percentage loss will only 
be— 


VES X 100 per cent. of the original value. 


If we reduce the linear dimensions (all on the same proportion a 
the previous value) so that the maximum efficiency remains unaltered— 


27 Y. M | NE 

= — = I, 1.@., a= o э 

а 100 100 
the weights should then be reduced to— 


= by 
== об) 


If, then, the same induction and current density is employed, the out- 


put will be reduced to а‘ = (2) , or at unaltered output the product 


of induction and current density will be ЕЗ . 


Mr. Peck. 
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DISCUSSION. 


Мг. J. $. Peck : The general conclusion arrived at by the authors, 
from theoretical considerations, is that there is very little difference 
between the different types or so-called types of transformers as far as 
efficiency and weights are concerned. Speaking of types, it is rather 
interesting to note that in the United States two manufacturing 
companies are now manufacturing transformers of exactly the same 
type, yet one insists that it is a core type, and the other that it is a shell 
type. While theoretical considerations and formule can give a certain 
amount of information regarding particular types and designs, there 
are many other considerations which influence the decision of an 
engineer in the selection of a type ; these have been touched upon in 
a general way in the paper. The possibilities of ventilating and of 
insulating, of supporting the coils mechanically, of quickly repairing 
in case of breakdown, adaptability for single-phase and polyphase 
construction, for large and small sizes, etc., must all receive caretul 
consideration. Many formula have been devised by our mathematical 
friends which purport to tell us exactly how to design transformers, 
but the practicable impossibility of including all of the points men- 
tioned has made designers rather slow in accepting them. "These 
formule given us to-night have been worked out, however, bv 
engineers actually engaged in the design of transformers, and as they 
have found them to be short cuts to results, and as their results 
have been very successful, I think the formul:e must be of considerable 
value. 

On page 386 it is stated that “a high copper loss means bad regula- 
tion, which will have to be compensated for by the use of cable 
of larger dimensions." There is another point in favour of close 
regulation, and that is the better light and higher meter readings 
which are obtained. Assume two transformers running side by side, 
one with a drop of 1 per cent., and another with a drop of 2 per 
cent, then the amount of light obtained from the transformer with 
the better regulation will be much more than that represented by the 
I per cent. difference in regulation. The wattmeter reading on the 
better regulating transformer will be 2 per cent. higher on full load 
than that on the other transformer, and this is the point which 
directly interests the central station man. 

Regarding explosions in tanks, and the general question of burning 
of oil, I heard the other day that a man with a bag of white powder 
went round through the rural districts where oil lamps are much used 
and where they sometimes explode. The virtue of the powder was 
to render oil non-explosive. He would call for a sample of the oil, 
take a pinch of the powder and drop into the oil, then he would light a 
match and plunge it into the oil; it would be extinguished im- 
mediately. A sale was sure to follow. It appeared later that the 
powder he sold was common salt. Oil cannot be burned unless it is 
first raised to a high temperature, that is, to what is known as the * fire- 
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test" point. Transformer oil is selected with regard to a high 
“fire test.” 

With regard to the question of explosions in oil-cooled trans- 
formers, I have never thought it a very serious risk. I have made 
a number of tests myself, and could get small explosions inside the 
case, but only under very extreme conditions. Some engineers, 
however, insisted that their transformer cases should be explosion- 
proof, and many cases had to be built to stand 150 lbs. internal 
pressure. 

Mr. К. vox KROGH : One remark in the paper on page 382, “that 
a given frame for given space factors has the same maximum efficiency 
whatever its ratings," gives an opportunity for a little theoretical 
deduction. The authors state “that if for special reasons it is desired 
to obtain for a 50-k.v.a. transformer the same standard efficiencies as 
for the тоо-К.у.а. size, the same amount of active material will be 
required as for the standard тоо-К.у.а. transformer.” This means that it 
is absolutely impossible to build a 1-k.w. transformer of an appropriate 
size with the same efficiency as a 100-k.w. transformer, even if, due to 
a lower voltage, the space factor icould be made the same. The 
question therefore arises—that suppose a race of men only 12 in. 
high went into the transformer building, would thev be compelled to 
accept a transformer with a maximum efficiency, say, of 9o per cent. 
to 95 per cent. instcad of 97 per cent. to 99 per cent. as we are 
accustomed to? The answer is that the only chance they would have 
of getting the same efficiency that we get would be by improving their 
materials, and as it appears more or less impossible to improve the 
copper, it would be necessary for them to get a better or more finely 
laminated iron. 

Considering the improvements that have been made in the iron used 
for the manníacture of electrical machinery during the last twenty or 
thirty years, especially when we consider the latest achievement—the 
alloyed iron—it will be seen that there would be every chance of these 
small people building transformers with the same efficiency as ours. 
If, on the other hand, a race of giants would build transformers of very 
large capacities, say 100,000 k.w. or more, one should almost expect 
that they would or could make the cores out of cast iron and still 
obtain a sufficiently good efficiency. 

Мг. G. HARLOW : The authors in their paper have shown that from 
theoretical considerations there is nothing to choose between the 
various types of transformers at present on the market. There are, 
however, some practical reasons which favour the adoption of the 
rectangular shell type of transformer for certain conditions of opera- 
tion, since, as the manufacture is cheaper, more material may be put 
in the transformer for the same price and correspondingly higher 
efficiency, or for the same efficiency a cheaper transformer can be 
built. If we refer to Table I. given in the authors' paper, we see that 
the rectangular shell and the circular shell types have a cross-section 
of magnetic path of 110 and 1274 sq. in. respectively, whilst the rec- 
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tangular core and the circular core have an area of 78 and 654 sq. in. 
This means that, working at the same induction in all the transformers, 
the shell types will have only approximately 60 per cent. of the number 
of turns of the core type transformers. Thus the labour to be ex- 
pended on winding is cheaper with the shell type transformers, and 
this advantage is particularly noticeable on small transformers where 
the number of turns is large, and more particularly so in high-tension 
transformers of all outputs. 

A further advantage of the rectangular shell transformer in connec- 
tion with high-tension work is the ease with which serics-parallel 
connections can be made with this type. Often оп high-tension 
transformers (above 30,000 volts) series-parallel connections are 
required, in order that the range of voltage may be great, and with 
the circular core type construction it is necessary to bring these con- 
nections up to the terminals from a position in which they pass 
adjacent to other parts of the winding at a wide difference of potential 
to themselves. In the rectangular shell type transformer all the leads 
may be brought out at the top of the transformer and connected to a 
terminal board mounted immediately above them, thus avoiding all 
crossing of leads. Further, the shell type transformer can be much 
more easily braced to withstand the tremendous forces which occur 
on short circuit, and when these forces are of the order given in the 
paper, it will be seen that this is a most important point to consider. 
Another great advantage of the shell type has been dealt with in the 
paper, aud that is, there need be no bolts through the magnetic core, 
even in large sizes, and consequently the building of the iron circuit is 
much cheaper and the possibility of humming much reduced. 

Referring to the paper, we see in Table VII. what a tremendous 
advance has been made in transformers due to the introduction of 
alloyed sheet steel. For instance, a comparison of Table VII. with 
Table I. shows that for the same efficiency and output, the cost of the 
active material has been reduced approximately 35 per cent. It is 
interesting to note, however, that though a reduction in cost of active 
material of this order can be obtained for the present standard effi- 
ciencies at 50 Cw» given by the various makers of repute for transformers 
built with normal iron (that is, having а loss of r'5 watts per Ib. at so 
periods, 10,000 lines per square centimetre), this reduction in price is not 
possible for transformers having a lower periodicity than approxi- 


 mately зо. Below this periodicity, it is not possible to increase the 


induction as at present used in low periodicity transformers built with 
normal iron, owing to the excessive no-load current which results from 
any increase in this induction. Consequently what may be expected 
and is obtained in low periodicity transformers, due to alloyed steel, 
is a considerable increase in efficiency but very little reduction in price. 

It is worthy of note that the rating of transformers built with the 
alloyed sheet steels is not at present limited by low efficiency or by 
heating—since these transformers when rated to their utmost give 
higher efficiencies than are usual in moderate-priced transformers 
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selling largely on the market, and any oil-immersed transformer can 
be cooled by suitable ventilating ducts. The rating with the alloyed 
steels is entirely limited by the large no-load current resulting when 
inductions higher than 14,000 are used, at which induction the no-load 
current is approximately то per cent. 

A guarantee on no-load current is rarcly demanded, but no manu- 
facturer of transformers with a reputation to consider would care for 
this to exceed ro per cent. Unfortunately the new alloyed steels are no 
better with regard to permeability than the steel hitherto used. Con- 
sequently, in order to still further cheapen the production of trans- 
formers having a reasonably high performance, the crying nced of the 
transformer builder is an alloyed steel having the same losses as those 
recently produced but having a much higher permeability at induction 
between 14,000 and 20,000 lines per square centimetre. 

Mr. J. №. С. HOLROYDE : I should like to point out that the troubles 
experienced with transformers are very often due to the carelessness 
and ignorance of those who handle them and not to any defect of the 
transformers themselves. 

As an instance I can give a case in which a transformer was 
supplied, and before being put into service was tested at double 
normal pressure across windings. The people to whom the trans- 
former had been sent were accustomed to an old-fashioned dry type 
transformer in which the induction was very much lower than that 
which could be used with transformers built of the newest kind of 
sheet steel, such as the authors have described. The effect of running 
a transformer at a high induction normally is to put the magnetising 
current up enormously when double potential is placed across windings 
at normal periodicity. The result in this case was that a fairly sub- 
stantial fuse was blown when the test was made, and a complaint was 
immediately made that the transformer had broken down under the 
test. When the trouble was investigated, however, and it was sug- 
gested that a larger fuse should be tried, the test was passed 
satisfactorily, and no fault whatever was found with the transformer. 

Where such a test has to be made it is advisable to increase the 
periodicity to such an extent that the magnetising current is kept 
within reasonable limits, and this can be best done at the makers' 
works, where there is ample opportunity of obtaining various periodi- 
cities. 

Another instance of trouble which was due to the carelessness of 
those who were handling the transformer occurred with a large circular 
core type transforiner which was in service at a mill, and which had 
been rather hurriedly installed, with the result that the transformer 
itself was not placed properly іп its case. Part of the high-tension 
winding was bearing up hard against the corrugated sides of the tank, 
and it speaks very well for the transformer that it was able to operate 
for some little time under these conditions ; eventually, however, the 
insulation broke down and a hole was burnt in the side of the case, 
letting all the oil out of the transformer. Complaint was made as to 
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the breakdown of this transformer, but when it was removed from its 
case careful inspection showed that marks of the corrugations were 
clearly visible on the winding, and it was obvious that the trouble was 
not due to a defect of the transformer in any way, but to the way it had 
been handled. 

Again, another instance of complaint appeared in the case of two 
transformers which were running in parallel, but which were said not 
to be sharing their load equally. The engineer in charge of the sub- 
station said that the transformers behaved in rather а mysterious 
manner ; that in the early morning, on starting up the mill to which 
they were supplying power, one transformer appeared to be taking 
about 25 per cent. more load than the other, but at about 7.30 in the 
morning and from thence until about 3.30 in the afternoon they shared 
the load perfectly evenly, but at about 3.30 in the afternoon they again 
refused to share the load equally. 

With careful investigation this was shown not to be in апу wav 
due to the transformers themselves, but to the methods of making 
connections ; both transformers supplied power to the mill through their 
individual ammeters, and the lighting circuit was taken separately from 
one transformer from a point between it and its ammeter. The result 
was that while there was a lighting load, the transformer which was not 
directly connected up to the lighting circuit had to supply its share of 
the lighting load through its own ammeter, and then back again 
through the ammeter of the other transformer, and this had the effect 
of boosting up the amperes indicated on the first ammeter, and of 
boosting down the amperes indicated on the second ammeter, so that 
the difference in the reading of the two ammeters was twice the 
lighting current supplied by the more remote transformer. This, 
again, was a case in which the trouble was in no sense due to anv 
defect in the transformers. 

Mr. C. Е. SMITH: In the table given on page 381 there is one point 
that I think a little misleading. The circular shell type is shown there 


as having less free iron surface than any of the others, except the - 


circular core type, and also the iron-to-iron surface is shown as being 
610 + (theoretically со) I am not quite sure what that means. It 
appears to me that the more justly comparative method of treating 
the iron radiating surface for the shell type of transformer would have 
been to take the surface actually exposed to the air, with the usual 
degree of bunching the plates togcther, aud to call this free iron 
surface. I conclude what the authors intend is that the plates may 
be taken as entirely facing one another without any exposed surface 
to the air. The excellent cooling properties ot the core of this type of 
transformer seem hardly to be brought out by such a statement. 

On page 385 the best relations between the copper and iron losses are 
plotted in a curve, on a basis of the transformer load factor, with the 
price per unit at the station given below. It seems to me that, although 
the method employed by the authors for getting the theoretically correct 
ratio between the losses would be right if the losses exerted any appre- 
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ciable influence on the output of the station, this is not the case for very 
smallloads. Considering how small the iron losses are, I think that the 
load factor which should be taken account of in order to obtain the cost 
of power for the copper and iron losses would be more accurately taken 
as the load factor of the station rather than the load factor due to 
the losses of the transformer. 

With regard to the terminal referred to on page 390, and which the 
author sketched on the board, the flash-over voltage is not, as far as one 
can sec, very well provided against in that tvpe of insulator, and that I 
believe is found to be a point of difficulty. Further, supposing for any 


reason, such as surface leakage or greater local ionisation, the resist-’ 


ance between the successive metallic layers is not uniform, the potential 
gradient will also become not uniform, and may, in fact, tend to con- 
centrate itself. between one pair of conducting layers. Unless it is 
found possible in practice to kecp both resistance and capacity of the 
system of series condensers uniform, there will no longer be a uniform 
potential gradient between the terminal and case, and the purpose of 
the layers will not be fulfilled. 

Dr. C. C. GARRARD: Dealing first with the theoretical portion of 
the paper, I find myself to be in complete agreement with the con- 
clusions arrived at by the authors. These may be summed up in the 
statement that there is nothing of fundamental importance to choose 
between the various general designs of transformers as made by the 
several makers, and that the individual success attained has been due 
to the care with which the particular design has been worked out and 
manufactured. Personally, I had arrived at this conclusion some time 
ago, and I think most transformer designers had likewise recognised 
this. It is a point of some importance, as there can be no doubt that, 
as the authors point out, users have been misled by the pushing tactics 
of the salesmen, who have insisted that their particular make must be 
better than everybody else's, owing to, for example, certain patented 
features in the design. 

As regards, however, the methods by which the authors have 
arrived at their conclusions, I am not able to agree with these to the 
same extent as with their conclusions. 

I am no great believer in the practical use of the theoretical calcula- 
tion of transformers by means of formulz such as those used by the 
authors. In practical work one cannot proceed by such methods. I 
am rather inclined to think that in such matters one arrives at one's 
conclusions as a result of experience, and then one sets to work to 
find a theoretical proof to demonstrate that what one knows to be 
true is true. At any rate, it is always comforting to find that one's 
conclusions can be given a theoretical proof. 

I am strengthened in this view because I notice that in spite of the 
authors' conclusions being undoubtedly correct, their premises are in 
several instances incorrect. For example, the assumption is made that 
the magnetic induction is the same in all parts of the iron of the 
transformer, 
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I have found, however, that it 15 а great advantage often to use a 
varying magnetic induction, greater in the core and lesser in the yokes. 
This results in a lesser length of mean turn. I remember also seeing, 
some time ago, a lengthy theoretical paper in the Elektrotechnische 
Zeitschrift, in which it was proved that such a construction must be and 
was better. This is rather contrary to the authors’ conclusion that 
such an arrangement is not of appreciable benefit. 

Again, the authors have assumed that the ratio between the cost 
per pound of copper and iron respectively is 3. This is not accurate. 
Taking transformer iron at 1°7d. per pound and copper at rod., one 
obtains a ratio of 6. Of course, these figures do not take into account 
the labour cost, but this would not alter the ratio, exccpt, I should 
say, to make it larger. 

The authors have assumed also that the iron losses in the iron vary 
as the second power of the induction. Presumably this figure was 
chosen as being more amenable to calculation than the 1°7th power, 
which would, I think, be the more accurate figure over the range of 
inductions usually used in modern transformers. 

Dealing now for a moment with the various types of transformers, 
I would point out the importance in modern transformer design of low 
reactance. Modern transformers must regulate well. It is, I think, 
beside the mark to endeavour, as I think the authors show a tendency 
to do, to disparage the use of close regulating transformers by pointing 
out the disadvantages necessarily attendant thereto, such as the larger 
mechanically disruptive forces which come into play on short circuit. 
Such large forces must be allowed for, and as they can easily be allowed 
for, they need not be taken as any reason for not calling for close 
regulation. By referring to Table IV., it will be seen that the really 
only first-class regulation is given by core type transformers with coil 
arrangement No. 2 and shell type transformers with coil arrangement 
No.4. A comparison of these two types of coil arrangements con- 
vinces one, I think, that the advantage lies with the core type of 
transformer. This type necessitates 3 coils, a high tension between 2 
low tensions, while the shell type necessitates 7 coils, viz., 3 high 
tensions interleaved between 4 low tensions. This necessarily greater 
subdivision of the winding with shell type of transformers than with 
the core type is of special importance if earth shields between the 
primary and secondary are called for. Taking the above two trans- 
formers, one sees that in the core type 4 separate earth shields would 
be necessary, whereas in the shell type 6 separate shields would have 
to be provided, as there are 6 divisions between high- and low-tension 
coils. 

Referring to the question of earth shields generally, there can be no 
doubt that earth shields are about the last things which should be 
placed in a transformer. They must, of necessity, weaken the insula- 
tion, and their efficiency is extremely problematical. It would be of 
great advantage if their use were prohibited and reliance placed either 
upon earthing the secondary winding or the provision of an efficient 
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earthing device. Nevertheless, as they are often specified, I think it 
well to point out the effect they have upon the selection of the two 
types of transformers. 

I quite agree with the authors that with the core type of transformer 
the interleaved winding should not be adopted if good regulation is 
required. There is, of course, no reason whatever why it should be 
adopted. 

One point which I think the authors might with advantage have 
touched upon more fully is that of temperature rise. This is of funda- 
mental importance, as, according to my experience, the chief difficulty 
that one comes up against in the design of transformers, except with 
the smallest sizes, is temperature rise. I think that it is highly desirable 
that greater attention be given to this question on the part of pur- 
chasers to see that the temperature rise specified is not exceeded. 
This, of course, does not affect the question as to what the temperature 
rise should be, but is simply a question of seeing that the guarantees 
are not exceeded. 

With oil-cooled transformers it is a fairly simple matter, as it is 
generally sufficient to measure the temperature rise at the upper sur- 
face of the oil. It is not likely that the temperature of any part of the 
transformer will greatly excecd that of the surface of the oil. 

With air-cooled transformers the matter is much more difficult, 
owing to the unreliability of thermometer measurements. This applies 
especially to the circular shell type of transformer. As the authors 
truly point out, this transformer type is very good for keeping the iron 
cool, but bad for keeping the copper cool. Experiments I have carried 
out on such transformers show that under working conditions a very 
great temperature gradient exists from the middle to the exterior of the 
transformer. Thermometer measurements on such transformers are 
useless. 

With the core type of transformer, however, thermometer measure- 
ments are much more reliable, as a thermometer can be pushed down 
between the coils, and between the coils and core, and not only placed 
on the outside of the core. The only method by which the correct 
temperature rise of a circular shell type of transformer can be obtained 
is by determining the increase of resistance of the winding. This pro- 
cedure is, however, a rather difficult one for the user. It sounds 
simple enough, but even in the works test-room great care has to be 
taken to obtain reliable results. Such a test, however, should always be 
insisted upon with air-cooled transformers when it is not possible to 
get at the actual inside windings with a thermometer. 

I should like to ask the authors to explain a little further the 
paragraph at the foot of page 382 beginning with the words, "A 
given frame. . . ." If the two transformers were designed with the 
same standard efficiencies, what efficiency would the 5о-К.у.а. trans- 
former have when loaded to the extent of roo k.v.a.? 

I agree with the general conclusion given in the first paragraph on 
page 385 as to the effect of the new alloyed transformer iron. With 
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lighting transformers the result is, that for but little extra cost trans- 
formers can be obtained having about two-thirds the iron loss than 
previously. For lighting schemes this is of great importance. 

On page 389 the authors mention the thorny subject of dielectric 
loss. I have found indications of dielectric loss of energy, but only on 
very high-voltage tragsformers, of the order of 40,000 volts. It would 
be interesting if the authors could give any information here. The 
same applies to the question of reinforcing the insulation of the end- 
turns of transformer windings. All the authorities given by the authors 
at the bottom of page 389 are very vague as to the amount and extent 
that this reinforcement should be carried. Can the authors give us 
any simple rule as to this? That reinforcement is necessary on high- 
voltage transformers there can be no doubt. 

The form of terminal insulation described by the authors on page 390 
is interesting theoretically. I doubt very much, however, whether the 
method of using alternate layers of metal foil and insulation is of prac- 
tical value. This matter calls to mind the paper read by Dr. Alexander 
Russell before this Institution on the grading of cables. The general 
result of the discussion of that paper was that while the theoretical 
considerations seem to show most clearly that improved insulation can 
be obtained by careful attention to the principles enunciated by Dr. 
Russell, yet in actual practice the expected results do not scem to be 
obtained. Before, therefore, I should accept the type of terminal 
insulation described, I should require to see the result of an actual 
test, with and without the tin foil, and I should be glad to know if the 
authors can give us the results of such an experiment. 

In conclusion, I would like to refer to the question of the danger of 
explosion with oil-cooled transformers. I agree with the authors that 
no danger is to be expected from the oil itself. There is a danger of 
explosion, however, common to all transformers in tanks, whether of 
the oil-cooled or air type. This is due to the explosive mixture formed 
by the vapour of the solvent of the insulating varnish and air. Most of 
the good modern insulating varnishes, such as are used in transformer 
coustruction, consist of linseed oil, or other substances, dissolved in 
benzine or naphtha. 

If now, after impregnation, the transformers are not subjected to a 
prolonged drying to drive off all the solvent, this will escape and 
accumulate in the tank, and can be exploded if a light be brought 
near any opening in the lid of the tank, provided the tank had not been 
ventilated after taking the cover off the opening. 

Transformers, therefore, should always be dried thoroughly after 
impregnation, and it is certainly a wise precaution to keep naked lights 
away from any openings in the lids of tank transformers for some time 
after they are installed. 

Mr. A. P. M. FLEMING (in reply): I should like first of all to express 
the thanks of the authors for the kind way in which this paper has been 
received, and especially to those gentlemen who have added so much 
to the interest in the discussion. | 
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Mr. Peck, the first speaker, has had a very extensive experience in 
transformer work, and has given us a great many points of real interest 
in regard to explosions in oil-insulated transformers and comparisons 
of different types. 

Dr. Garrard has raised several points. He finds that he is not in 
agreement with the authors, in that the induction should be uniform 
throughout the iron circuit. This point has been dealt with in 
Appendix I., where the reason for the adoption of this assumption has 
been stated. We would further point out that, as the theoretical gain 
obtained by having a higher induction in the iron inside the coils than 
in the rest of the circuit is in the neighbourhood of 3 per cent., and 
will be approximately the same for all types, we cannot agree with 
Dr. Garrard that this can be called a great advantage, or that it is 
important cnough to merit serious consideration. 

He also raises the question as to the copper and iron cost ratio, 
which in the paper is assumed to be 3, while he claims that it should 
be nearer 6. We would point out that the figure chosen as the ratio 
between iron and copper price does not in any way alter the com- 
parison between the different types. 

Comparing the cost of ғаш materials, the figure at the present 
market price is from 4 to 5, while the ratio between the cost of the 
finished materials, including cost of labour, establishment charges and 
scrap, is more nearly the figure we have taken. 

Further, we would point out that the assumption of a ratio between 
iron and copper costs of 1 would correspond to the lowest possible 
weight of active materials, which, in consideration of the cost of the 
mechanical construction, freight, packing, etc., is a most desirable 
feature, and this is a further reason for taking the ratio of 5, which 
otherwise is somewhat on the low side. 

In regard to Dr. Garrard's suggestion that the iron loss varies 
according to B'7, we would say that within the limits of induction 
used in this paper—viz., 7,000 to 15,000—the iron loss varies according 
to B'^5 while for lower inductions the figure of B'7 given by 
Dr. Garrard corresponds also to the authors’ experience. We would 
further point out that the maximum error in assuming that the iron 
loss varies with the induction according to a quadratic curve between 
the limits 7,000 to 15,000 is about 6 per cent., which is much less than 
the variation in loss which occurs even in the same consignments of the 
best class of transformer sheet iron, so that the authors consider that 
the assumption that the iron loss varies as B? is justified in view of the 
simplification of the calculations. As the same quadratic curve is used 
for all the types, this does not have any influence on the comparison 
between them. 

As an advantage of the circular core typeof construction was claimed 
the small reactance in the double concentric winding used with this 
type. In this connection we should like to mention the difficulty in 
obtaining a really good mechanical construction for supporting thc 
double concentric windings, and as the stresses developed on a short 
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circuit in the case of large transformers of a particularly low reactance 
are very large, this is certainly a most important point, and one which 
has to be considered very seriously. From Dr. Garrard's statement 
that these stresses can eusily be taken care of, we gather that he 
cannot have had much experience with really large transformers used 
on power systems of such a size that the transformer output is quite 
small compared with the capacity of the system. Not to mention the 
troubles experienced by firms in this country, we would point out that 
the A.E.G. have had such serious trouble with the double concentric 
winding on large core type transformers, both in the North-East district 
of England and in the industrial Rhine district, due to the mechanical 
damage of windings caused by their displacement on short circuit, that, 
as far as the aythors are informed, they have abandoned this winding 
in favour of the interleaved type, at least on large sizes. 

For the same reason, the authors in their designs do not use the 
double concentric winding on core type transformers upwards of about 
100 k.v.a., but use ordinarily the single concentric winding, and where 
specially close regulation is required—contrary to Dr. Garrard’s remarks 
—the interleaved winding. 

Most transformer manufacturers seem to have developed certain 
types of transformers. As Mr. Peck stated, a firm in the United States 
manufacture a type of transformer which they call a core type, and 
another has developed a similar transformer which they call a shell 
type. This leads one to the conclusion that the type of transformer 
which a company starts to build is usually the one they stick to, when 
they get more and more experience in the building of that tvpe, as 
changing over from one type to another means a big outlay, not only 
in capital cost, etc., but also additional labour, cost, and trouble due 
to the fact that the workmen are not accustomed to constructing new 
types, and this generally gives manufacturers a bias in favour of their 
particular type. 

In addition, of course, there is the question as to whether one type 
or another entails more or less labour. "This is one of the considera- 
tions which, as Mr. Peck points out, cannot very well be introduced 
into a formula, and in this connection many points besides thosc 
brought out by Mr. Harlow have to be taken into consideration. 

In regard to earth shields, thisis a matter in which all designers and 
manufacturers of transformers agree with Dr. Garrard. 

We agree with Dr. Garrard that more attention should be paid by 
the purchaser to ensure that the temperature rise guaranteed is not 
exceeded, and apart from the other points he mentions in this con- 
nection we would particularly emphasise the importance of continuing 
the tests until the maximum steady temperature is reached, as very 
frequently tests are specified by customers of 4, 6, and 8 hours' dura- 
tion, whereas a period of 8 to 36 hours, according to design, may be 
required before the steady temperature is attained. 

As mentioned at the close of the paper, the subject of transformers 
is such a comprehensive one that the authors felt compelled to omit 
many points that they would have liked to have gone fully into. 
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In regard to Dr. Garrard’s request for an explanation of how a given 
frame has for given space factors the same maximum efficiency what- 
ever its rating, we would refer to the formula in Appendix II., according 
to which the percentage losses at maximum efficiency are dependent 
on the dimensions, the loss and space factors only, and not on the 
output or material densities. Take as an example the тоо-К.м.а. 
rectangular shell type transformer in Table II., having a copper space 
factor of o'5, with an induction of 7,0co, current density per square inch 
859, and copper and iron loss each equal to 89o watts. If this trans- 
former israted up to 200 k.v.a. and its maximum efficiency is at fullload, 
the induction will thus be ,/2 x 700 = 9,900, and the current density 
4/2 х 859 = 1,260, the copper and iron weights, of course, being 
unaltered, and assuming a quadratic iron loss curve, the iron and copper 
losses will each equal 1,780 watts. If, instead, we assume that the iron 
loss varies as the 1°85 power of the induction, instead of according to 
the second power, the induction would be 10,000 and the current 
density 1,245, while the iron and copper loss would each equal 1,735 
watts. This example also shows how small is the error introduced by 
the assumption of the quadratic iron loss curve. 

We agree with Dr. Garrard that the question of dielectric loss is of 
importance only in the case of really high-tension transformers, say, of 
30,000 volts and upwards.  . 

In regard to the reinforcement of end windings, no hard-and-fast 
rule can, of course, be given, since this depends, apart from the 
penetration of the potential surge into the windings, on the normal 
insulation between conductors. Тһе papers referred to in the foot- 
note at the bottom of page 389 afford some indication how far into the 
winding the potential surges are liable to penetrate. A specific case 
might be mentioned where the authors found that on a 125,000-volt 
бо-регіоа transformer tested to an over-potential of 170,000 volts with 
one side grounded, the high-tension winding being suddenly and 
repeatedly short-circuited on itself, reinforcement of the insulation 
on the windings amounting to 14 per cent. at each end was found 
too little, and that 74 per cent. was quite sufficient for withstanding 
these conditions. 

On this transformer, the form of terminal insulator described in the 
paper was used with very satisfactory results, and a marked advantage 
was found in being able to reduce the length of the insulator, due to 
the fact that the potential gradient along the surface could be made 
practically uniform. 

Another very interesting point is the question of an explosive mix- 
ture formed, due to the use of varnishes containing volatile matter, 
particularly benzine. Trouble due to this is not very likely to occur 
when baking varnishes are used, which are dried at a fairly high 
temperature for several hours. The danger of benzine forming an 
explosive mixture is in such cases avoided, because with such varnishes 
the volatile matter is driven off, probably during the first hour of dry- 
ing, and the only further change in the varnish is that resulting from 
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oxidation. With air-drying varnishes, however, the danger mentioned 
by Dr. Garrard might become serious. 

The question has been raised as to the effect of size on the various 
types, and whether the conclusions we have drawn are correct for 
different sizes. We would say that the theoretical comparison between 
the types holds good for any size, but we have to consider other 
matters, apart from the active material, efficiency, etc., such as cost 
of building, cooling, ease of handling, etc., which may introduce a 
preference for different types for ditterent sizes. 

The assumption in the paper of 1°5 watts less per lb. at an induc- 
tion of 10,000 and 50 схо has been questioned. This figure, for ordi- 
nary transformer sheet iron o'or3 in. thick is, if anything, on the high 
side, and the assumption that we can get 60 per cent. of these losses 
with special alloyed iron is a fairly correct one for actual tests on 
transformers (not merely on samples). 

Regarding the point raised in connection with ageing, a test made 
on special alloyed iron after боо days’ agcing at a temperature of 
approximately 85° C. showed a remarkably stable condition, even more 
so than in the case of the best quality ordinary iron, the increase in loss 
due to agcing being negligible. 

The effect of frequency on the types does not alter the comparison 
we have already drawn, and with regard to the induction at different 
periodicities with transformers of, say, 40 NO and upwards, this can 
usually be increased using the alloyed iron. For the reasons stated in 
the paper, the gain in price will, however, not be so great as taken 
directly from the figures given in Tables VII. and I. 

When dealing with 25-^w transformers the price cannot be reduced 
by using alloyed iron. In some cases, however, the efficiency can 
be considerably increased for a comparatively small increase in cost. 

In reply to Mr. Smith, the “free” iron surface in the circular shell 
type is, as noted in the paper, smaller than in the case of the other 
types. We have particularly pointed out that the cooling of the iron in 
this type is superior to that of the othcr types, due to the added cooling 
surface, which, however, cannot be called entirely “free” according to 
the definition given in the paper. 

In regard to the point raised by Mr. Smith as to the method used to 
determine the correct ratio between iron and copper losses, it is the 
opinion of the authors that the principle on which the charges should 


. be based for these losses should be the same whether the losses are 


small or large, and it would appear correct to calculate the cost of 
these losses on the same basis as for the useful output of the sub-station 
for the same load factors. 

In those few cases where the customers' meters are so fixed that 
they measure the transformer losses, the most economical ratio from 
the customers' point of view between the iron and copper loss is 
readily determined according to the method of charging. In the case 
of “flat rate,” for instance, ба and ба = 1) are, of course, equal, and the 


best ratio is 1. 
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As regards the point raised by him in connection with the flash- 
ing over of high-tension terminal insulators constructed on the lines 
described in the paper, we agree that the theoretical advantage 
obtained with this construction may be considerably diminished if 
there is much surface leakage. By suitable precautions in manu- 
facture, and by using shields so as to increase the creepage surface 
between the various insulated sections, a considerable improvement 
can be effected without upsetting the voltage distribution between the 
different sections to any great extent. 
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ON A METHOD OF USING TRANSFORMERS AS 
CHOKING COILS AND ITS APPLICATION TO 
THE TESTING OF ALTERNATORS. 


Ву |. D. CoarEs, D.Sc., Associate Member. 


(Paper received from the BIRMINGHAM LOCAL SECTION, September 30, and 
read at Birmingham on December 16, 1908.) 


The coefficient of self-induction of a choking coil with a closed iron 
circuit depends upon the permeability of the core, and any cause which 
changes the permeability correspondingly affects the coefficient of self- 
induction. 

When an alternating current is passed through such a choking coil 
its coefficient of self-induction L goes through considerable changes, 
being large for small instantaneous values and relatively small for large 
instantaneous valucs of the current, in consequence of which the wave- 
form of the current is rendered very different from that of the electro- 
motive force to which it is due. Again, the mean value of L is smaller 
for large eftective values of the current than for small values. These 
variations in L are, of course, due to the reduction of the permeability 
of the core as the flux density in it increases. If the relation between ` 
the ampere-turns per centimetre of the core and B, the flux density in 
lines per square centimetre, is known, then the value of L corresponding 
to any instantaneous value of the current is easily calculated from the 
relation— 


. л? А dB 
L (henries) = — 
( ) 10° / ат 
whnere— 


п == number of turns. 
A = iron section of the core in square centimetres. 
1 = mean length of core in centimetres. 


The value of dB/dm is the slope of the tangent to the hysteresis loop 
expressed in lines per square centimetre per ampere-turn per centi- 
metre, There will in general be two values of dB/dm corresponding to 
cach value of т ог В. By integrating L round a half hysteresis circle 
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corresponding with the maximum value of m the mean value of L 
may be obtained. 


ra, d 
Гат =. oe 
+m +B 
I "ЗА 
= — im z-- -XxX dB 
mean'L= d B | 10° / 
-- m --Н 
alae B 
mean L = - 4 
IO Re т 


for symmetrical hysteresis loops (when the hysteresis loop is unsym- 
metrical the integration must be taken over a complete cycle); or 


| IO T 

since m = 2 X H where H is the magnetising force, we get the usual 
т 

expression— 


т ТА В ТЕ 
Mean L = T E p" where p= HU permeability. 

In order to give some idea of the great range over which L may 
vary the values of dB/dm for ordinary sheet iron are given in the fol- 
lowing table. These values are approximate, and were obtained by 
drawing tangents to a magnetisation curve of sheet iron. 


m m. | dB dm. B т. 
3,500 о6 | 5,300 5,850 
5,500 го 4,500 5,500 
9,000 го 2,500 4,500 
11,000 20 1,460 | 3,607 
| 12,000 | 40 950 | 3,000 
_13,000 50 740 | 2,600 
14,000 ! 70 340 | 2,ООО 
14,900 | 120 IIO | 1,243 
15,500 | 200 | 45 775 
16,600 боо | 22 277 
17,000 80°0 | 19 212 


= те — — — Oe ee ee — 


In designing transformers the flux density is chosen with a view to 
obtaining the smallest core losses and no-load current compatible with 
economy in material, conditions which bring with them high values 
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of dB/dm and B/m. The smallness of the no-load current renders a 
transformer useless as an inductive load at the voltage for which it 
is designed unless by some special means the no-load current can 
be increased to a reasonably large value. 

In core transformers with butt joints this may be accomplished 
by temporarily opening the joints between the limbs and yoke, and 
inserting distance-pieces of non-magnetic material, thereby reducing 
the average permeability of the magnetic circuit. This plan would, 
however, hardly be adopted except in the test-room of the manu- 
facturer, and would in any case involve difficulties in manipulation 
and danger to the insulation and construction of the transformer. 

The present paper deals with a second method of reducing the 
permeability of the core of a transformer (and thereby increasing 
its magnetising current), which involves no interference with its 
construction, 


ЕС. 1.“ 


Briefly the method consists in bringing the flux density of the core 
to a point оп the magnetisation curve corresponding with suitably low 
values of и and dB/dm, by means of direct current sent through the 
secondary winding ; so that when an alternating electromotive force 15 
applied to the primary, the flux density undergoes variations about a mean 
flux density corresponding to low permeability, instead of about zero flux 
density corresponding to high permeability as is ordinarily the case. 

The two cases are shown in Fig. 1, in which Pd Q d' represents the 
hysteresis loop described when the mean flux density of the corc is zero, 
and RH S K the loop described for the same alternating electro- 
motive force and range of variation of B, but with the mean flux 
density raised to the value NO’ by means of direct ampere-turns рег 
centimetre O N in the secondary. In the first case the alternating 
current has an amplitude represented by da’, and in the second by the 


* In connection with Fig. 1 see Mr. Everest's remarks in the discussion and the 
author's reply. 
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much larger amplitude аа’. If the value of dB/dm is known for any 
such point as O' on the magnetisation curve, we can calculate the 
value of L for alternating current of small amplitude, when the mean 
flux density is raised to the value NO, but for alternating currents 
of larger amplitude the error will be greater in proportion to the 
difference between dB/./i at, О’, and its mean value obtained by 
integration over the complete cycle RH S К. The error will, however, 
be reduced if the mean saturation is so far increased as to confine the 
hysteresis loop to a straight portion of the magnetisation curve. 

Note on Object of Investigation.—The investigation was carried ош 
with two main objects in view: (1) To examine the behaviour of 
transformers used in the way described, and (2) to ascertain the suit- 
ability of this method for obtaining inductive loads in testing alternators, 
as compared with ordinary choking coils. 

In attempting to separate the inductive and reactive components of 
the “ drop ” in alternators on load, it is necessary to apply an inductive 
load about equal to the full-load current of the alternator under test. 


on -А.б.Әирріу -- 6 


Fic. 2. FIG. 3. 


To provide choking coils for such a purpose is generally out of the 
question, on the score of expense, especially in the case of large 
alternators, and the test has to be abandoned. И, however, the 
alternator is provided with transformers either for stepping its voltage 
up or down or both, the test may be carried out by the methods to be 
described ; and as it is intended to show with sufficient accuracy, no 
special apparatus being required for the test. 

Generally speaking, it is easier to obtain temporarily a set of trans- 
formers suitable for the requirements of a test, than a set of choking 
coils, for tbe former are made in much greater number and variety than 
the latter. 

Connections for Single-phase Working.—In the use of this method it 
is evident that something must be done to prevent the secondary 
electromotive force from driving an alternating current through the 
source of direct current. Two ways of doing this аге shown in 
Figs. 2 and 3. 

In Fig. 2 the primaries of two similar transformers are connected 
in parallel, and the secondaries in opposition as in the Kapp-Sumpner 
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circulation of power test, the source direct current being inserted as 
shown. In Fig. 3 the primaries are in series, and the secondaries in 
opposition as before. The inductance of the second arrangement is 
double that of the first, and by use of both a wide range of inductances 
may be obtained. 

In the absence of a specially designed choking coil, it is thus 
necessary to use two transformers for single-phase working, and in 
investigating the behaviour of transformers so used the above mcthods 
of connection were adopted. 

Tests as to the Suitability of Transformers with Artificial Saturation for 
Choking Coils.—The transformers used in the tests were built by the 
Westinghouse Manufacturing Company, were of the shell type, and 
had the following dimensions and rating. 


Rated capacity, 74 k.w. 

Primary winding (referred to as high tension), 76 turns, 200 volts, 
37°5 amperes at full load. 

Secondary winding (referred to as low tension), 44 turns, 116 volts, 
64°6 amperes at full load. 

Frequency, 50 cycles per second. 

Weight of core, 88 kilogrammes. 

Section of core, 200 sq. cms. 

Mean length of core, 56:4 cms. 

Resistance of primary (high tension), 0°0375 ohms. 

Resistance of secondary (low tension), 00134 ohms. 


The preliminary tests were carried out with alternating current 
supplied from а 2-phase 74-k.w. Parker alternator, the electromotive 
force of which has a nearly pure sine wave-form, the transformers being 
connected as in Fig. 2. In the remaining tests a Brush alternator was 
used, because its output and voltage were more suitable. 

_Fig. 4 shows the relation between the alternating current taken by 
the two low-tension windings in parallel, at 95 volts and 58 со рег 
second, and the direct current flowing through the two high-tension 
windings. 

The second curve gives the power factors of the alternating current 
and the corresponding angles of lag. 

The first curve, as will be seen, brings out the fact that the alter- 
nating and direct currents are connected by a very nearly straight line 
law, when the applied alternating voltage is kept constant at 95 volts. 
The second curve shows that the power factor is below o'r, and the 
angle of lag greater than 84? for all loads greater than 26 amperes for 
thc two transformers, that is for all loads greater than 20 per cent. of 
the full-load current. 

Wave-form of the Currents.—In testing alternators for “drop” on 
inductive loads, it is necessary to take into consideration the wave-form 
of the current employed for the purpose ; for the distribution of the 
armature reaction over the cycle depends upon this, and it is possible 
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that the “drop,” to some extent, depends on this distribution of the 
armature reaction as well as upon its mean value. It was therefore 
necessary to investigate the wave-form of the alternating current 
passing through the transformers. 

The first wave-form test was carried out bv means of the Joubert 
disc method on the current taken by one low-tension winding, the 
connections being as shown in Fig. 5. The direct current was 
adjusted to make the alternating current of comparatively small value 
(78 amperes), in order to obtain as large an irregularity as possible 
due to the knee in the magnetisation curve of the iron. Curve 1, 
Fig. 6, shows the curve obtained, and a list of its values is annexed 
to it. 

The positive portion of the curve corresponds to the condition in 
which the alternating ampere-turns oppose those of the direct current, 
making the resulting flux density of the core low and its permeability 
high. The negative portion, on the other hand, corresponds to high 


1 
dou ба 


saturation, low permeability, and low self-induction, in consequence of 
which the current runs up into a sharp peak. 

As would be expected from the conditions of the experiment, the 
areas of the positive and negative half-waves are equal. This must be 
so because there ts no direct clectromotive force in the primary or low- 
tension windings, and therefore the quantity of electricity that flows 
during the first half-wave must return during the second. The differ- 
ences in amplitude are compensated tor by the differences in duration 
of the two portions of the wave. Integration of the squared ordinates 
shows that the losses in the winding of the transformer during the peak 
are rather more than double those during the flatter positive portion of 
the wave. ‘he total current taken from the supply mains through both 
low-tension windings in parallel is the sum of two such currents as 
curve r, and its wave-form may be predicted by superposition, if this 
is carried out in accordance with the condition that the resulting wave- 
form must have equal positive and negative half-waves. That this must 
be so is evident, because the Appice E.M.F. is symmetrical and the two 
transformers are similar, 
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Relatively to any particular instantaneous value of the applicd 
voltage, the magnetisation of one transformer core by the dircct 
current is opposite to that of the other core, and therefore the peak 
in the alternating current through one low-tension winding occurs 
during the same period as the flat half-wave іп the other low-tension 
winding. The current in the second low-tension winding is repre- 
sented by the dotted curve 2, and is superposed on curve 1 in such 
a way as to make the resultant curve 3, which represents the total 
current taken from the supply, symmetrical. 

As a close investigation of wave-forms was not the object of the 
present research, it was considered of sufficient accuracy to continue 
their examination by means of the oscillograph. On Fig. 6 are 
a series of oscillograms obtained by tracing over the images of the 


To Alternator 
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wave-forms projected on to ordinary tracing paper. This method was 
adopted before the oscillograph had been arranged to give photo- 
graphic records. 

The phase angle in all the wave-forms represented runs from right 
to left, in order to correspond with the photographic oscillograms 
shown below. In the latter, owing to the method of exposure, 
this condition was unavoidable. Curve А, on oscillogram 6 6, repre- 
sents a total current of 12 amperes through the two low-tension wind- 
ings. On comparison with the curve 3 obtained by superposition, it 
will be found to be quite similar. The remaining oscillograms, c and d, 
exhibit total amperes and volts for higher values of the current. These 
show how the shoulder in the wave-form becomes imperceptible with 


422 


б 


е 


4 


Oscillograms showing Alternating Current and Volts for Points 
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higher values of the current, and how the wave-form becomes more 
nearly sinusoidal. Іп oscillogram d the current is less than 40 per cent. 
of the full-load value for the two transformers. 

As previously mentioned, the E.M.F. wave-form of the alternator is 
very nearly a pure sine wave ; the oscillograms illustrate this. 

The oscillograms were made at the time of taking the observations 
for the curves on Fig. 4, and represent the conditions corresponding 
to points on the curves. 

In order to load the transformers up to nearer their full working 
current at their normal voltage and frequency, it was necessary to con- 
tinue the tests on a Brush 3-phase alternator of 20-k.w. capacity. On 
Fig. 7 are curves similar to those of Fig. 4, obtained in a similar 
manner with the low-tension windings in parallel. Fig. 8 gives the 
diagram of connections. 

The power factor continues to diminish as the alternating current 
increases within the limits of the test, and, as in the previous test, it is 
less than o'1 for all values of the current greater than about 20 рег 
cent. of the full-load value. On Fig. 9 are oscillograms corre- 
sponding to various points on the curves of Fig. 7. The values of 
the alternating and direct currents, which they represent, are given at 
the foot of the page. The E.M.F. wave-form of the Brush alternator 
is shown by the rippled curve іп Fig. да. The smooth curve is the 
ordinary no-load current of the two low-tension windings in parallel 
with the high-tension windings on open circuit. 

The E.M.F. wave-form is, on the whole, rather more square- 
shouldered than a sine wave, and exhibits ripples due to the slots 
in the armature core. In this machine the effects of armature reaction 
and self-induction are more pronounced than in thc Parker alternator, 
which has a ring wound smooth-core armature. Also the potential 
difference of 116 volts corresponds to a point low down on the satura- 
tion curve (Fig. 17), the rated potential difference being 220 volts at 
a frequency of 50 CU per second. In all the oscillograms of Fig. 9 the 
voltage applied to the low-tension windings is represented by the 
rippled wave-form. Fig. 9 5, c, d, e represent the total current supplied 
to the two low-tension windings in parallel. Fig. о f, g, h, j correspond 
respectively with Fig. 9 b, c, d, e, and represent the current in one low- 
tension winding, so that, for example, the current in Fig. 9 f, when 
reversed and superposed as in Fig. 6, would give the current in 
Fig. 9 b. 

Oscillograms b and f (Fig. 9) correspond with a small direct current of 
0°75 amperes, and an alternating current of 5:4 amperes through the two 
low-tension windings.* On comparing the current wave-forms of a, and 
f (Fig. 9), the effect of the direct ampcre-turns is already evident in the 
reduction of the peak of the positive half-wave, and the exaggeration of 
the peak of the negative half-wave. This want of symmetry, due to the 


* [n order to bring out the shapes of the wave-forms clearly, for all values of 
the currents and electromotive forces used, the oscillograph strips were in each case 
arranged to vibrate with the maximum safe amplitude, in consequence of which the 
smaller values are represented to larger scales than the higher values. 
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E e 

form of the hysteresis loop, is exhibited in all the curves f, 2,2, j (Fig. 9), 
and must necessarily exist when the transformers are worked at their 
rated voltage, for the total variation of the flux density is then about 
12,000 lines per square centimetre. However great the direct current 
may be, it is impossible for the mean saturation to be so high that 
a hysteresis loop of this amplitude be confined to the flat region of the 
magnetisation curve. 

Curves d and e (Fig. 9) represent currents of 58°1 and 94°5 amperes re- 
spectively. Their lower instantaneous values are rather greater than 
those corresponding to sine curves, but: this must be attributed to some 
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0 Oscill: 
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To Oscill: 


To Altern" 
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By changing over switch Sw, wake eg current in T,, or total current in both 
1 an 2. 


extent to the form of the E.M.F. wave, which is rendered more square- 
shouldered than a sine wave by the effect of armature reaction. 

The next test was carried out with the two low-tension windings 
connected in series in the method of Figs. 3 and то. The curve con- 
necting the alternating current through the low-tension windings and 
the direct current through the high-tension winding, and that con- 
necting cos $ * with the alternating current, are given on Fig. тт. They 
are quite similar to the corresponding curves for the parallel arrange- 
ment of the low-tension windings. In order to again obtain normal 
conditions for the transformers, the voltage applied to the low-tension 


* The expression “cos ¢” has been used in the paper to represent power factor 
more with regard to convenience than accuracy, for ¢ has no definite meaning when 
the current and Е.М.Е. wave-forms differ in shape. 
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windings was kept constant at 232 volts at a frequency of 50 со per 
second. 

If the curves of Fig. 7, for the parallel connection of the low- 
tension windings, are compared with those of Fig. 11, for the series 
connection, it will be scen that, for a given value of the direct-current, 
the alternating current in the latter case is almost exactly half that in 
the former. Also the power factors in the two cases are approximately 
the same. 

In this test the alternating current was increased to a value con- 
siderably over the full-load current of the low-tension windings, and at 
the higher values a slight increase in the power factor apparently 
occurs owing to the copper (I?R) and iron losses becoming prominent. 

Induced Variations in the Direct Current.—lIt had been noticed in the 
previous test, with the low-tension windings in parallel, that when the 
direct current was measured with a hot-wire ammeter, the indications 
were slightly greater when alternating current was flowing in the low- 
tension windings than when the alternating-current supply was cut off. 
In consequence of this the final tests, those recorded in this paper, 
were made with a moving coil instrument to measure the direct current, 
in order to avoid errors from this cause. It was, however, decided to 
make one test to investigate the variations in the direct current, and to 
ascertain whether there was any serious amount of alternating power 
conveyed to direct-current circuit. The test was carried out with the 
low-tension windings in series. The connections were made as in 
Fig. 1o, and the results are embodied in the curves and table on 
Fig. 12, and a series of oscillograms on Fig. 13, which also 
illustrate the conditions for various points on the curves of Fig. 11. 

The wave-forms of the alternating currents in the low-tension 
windings exhibit much the same characteristics as those for the parallel 
connection. For any current above 25 per cent. of the full-load current 
the wave-form is sufficiently near a sine curve for practical purposes. 
The volt wave-form does not exhibit so much distorsion as with the 
parallel connection, because of the higher saturation of the field system 
of the alternator. 

In the case of Fig. 13 b, c, d, and e, a third wave-form, that 
of the direct current, was recorded on the photographic paper by re- 
exposing after an interval, during which the connections of the oscillo- 
graph strips were suitably changed. This curve marked “ D.C. Amps." 
shows how the direct current is thrown into ripples by the superposition 
upon it of an induced alternating current having twice the frequency 
of the applied voltage. 

In no case do the curves show an actual reversal of the current in 
the direct-current circuit due to the alternating component, and it is 
interesting to observe the flattening of the curve against the zero line 
in Fig. 13, 6 and c, which correspond with small loads of 4'75 and 103 
amperes respectively. In the case of Fig. 13 f and g, the direct-current 
could not be recorded as the non-inductive shunt used in the previous 
cases was not of sufficient capacity. 
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D.C.volts 


Oscillograms of Amperes and Volts for Points on the Curves of 
Figs. 11 and 12. (Connections as in Fig. 10.) 
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In Fig. 134, у, and k, the direct current and also the potential difference 
across the high-tension windings (direct-current circuit) is represented. 
The curves were obtained as in the previous case by mcans of two 
exposures, and a change in the connections during the interval. In 
order to prevent the potential difference and current curves for the 
direct-current circuit from overlapping, the connections to the oscillo- 
graph for the potential difference curves were reversed. In each 
“D.C. Volt" curve the maximum ordinate of greater amplitude should 
be above the zero line instead of below as shown. The curves show 
that the electromotive forces induced in the two high-tension windings 
do not exactly cancel each other, although the windings are connected 
in opposition. This is no doubt due to the fact that at any particular 
instant, if the flux in one transformer core is on the ascending part of 
its hysteresis cycle, then the flux in the other must be on the descending 
portion. This causes a small difference between the electromotive 
forces of the two transformers, and, in consequence, a small resultant 
electromotive force in the opposed high-tension windings (see later 
section and Fig. 14 e, f). That this is not large may be inferred from 
the oscillograms. For example, іп Fig. 13 j the mean direct voltage 
was equal to 1:2 volts, and іп Fig. 13 k, 20 volts. The alternating 
power transmitted to the direct-current circuit was measured by means 
of the wattmeter W, (Fig. 10) as the difference between its indications 
when the alternating supply was switched on and off. That this gives 
the true value is seen to be the case from the following :— 


Let the voltage be represented by— 
e= E + En sin ut. 
Let the current be represented by— 
i = I + in sin (wl + 9) 


where E and I are the constant components from the battery, then the 
instantaneous power р is given by— 


poe i= [Е + e, sin wt] x [I +i, sin (и! + 9)], 
=EI+ Ein sin (wt + $) + Ге» sin wt + emin sin wl x sin (wt + $), 


and the mean power— 


P=EI tom COS 9, 


for the mean values of the second and third terms of the right-hand 
member are zero, and the mean value of the fourth term is— 


i 
fm Im cos 9. 
2 
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Oscillograms of Amperes and Volts corresponding to Points of Curves on Fig. 16 
(a b c d), and on Fig. 11 (ef). (Connections as in Fig. 1o.) 


Direct current (constant) 
a Alternating current 
Alternating volts 


Direct current (constant) 
b Alternating current 
Alternating volts 


Alternating current (constant) 
c Direct current (mean) ... 
Alternating volts 


Alternating current (constant) 
d Direct current (mean) ... 
Alternating volts 
Volts across two low-tension windings 
с Smaller wave = volts across опе low-tension winding 


with alternating current .. 


FA Similar to e, but with alternating current ... 


Ес. 14. 


= 25 amperes (mean) 
= 9'5 amperes 
= 30 


= 25 amperes (mean) 
= 4775 amperes 

= 267 

= 38 amperes 

= 19725 amperes 

= 272 


= 38 amperes 
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With the alternating-current supply switched off the wattmeter reads 
EI; and with the alternating-current supply switched on it reads— 


E I 4- ^" ' cos $. 
2 


Hence the difference of the readings gives the alternating power. 

The upper curve on Fig. 12 shows the relation between the watts 
transmitted to the direct-current circuit and the alternating current 
passing through the low-tension windings. The amount of power 
transmitted is always small and appears to rise to a nearly constant 
value of 45 watts, which is only o'3 per cent. of the volt-amperes for 
full-load current, and is therefore negligible. 

Core Losses and Total Losses.—By measuring the total watts received 
from the alternator by the low-tension windings by means of the watt- 
meter W,, and subtracting from them (1) the I?R losses in the low- 
tension windings, and (2) the power transformed into the direct-current 
- circuit, we obtain the total core losses. These are shown, in relation 
with the alternating current supplied, by the lower curve on Fig. 12. 
At first the rate of increase of the core losses with the alternating 
current is small, but as full-load current is reached the losses increase 
more rapidly. With full-load current the core losses are about 6 per 
cent. of the volt-amperes, whereas with the transformers working under 
normal conditions they are about r'4 per cent. In these transformers, 
when used under normal conditions, the iron and copper losses are 
about equal at full load ; and when used as choking coils by the method 
described the copper losses with full-load volt-amperes are about equal 
to what they are under normal working conditions (see following 
section). 

Therefore, with full-load volt-amperes— 


Total losses when working as transformers = 2'8 pcr cent. 
Total losses when working as choking coils = 774 У 


Thus in the latter case the losses are about 277 times those for which 
cooling conditions of the transformers were designed. 

In connection with this question of the losses occurring in trans- 
formers worked under these abnormal conditions, it is of importance 
to ascertain whether inductive load tests of 6 hours’ duration could be 
made on alternators by this method of using their transformers, A 
simple calculation shows that, with the losses increased to 27 times 
their normal value, the final temperature would be reached in about 
$ or 4 of the time taken to reach 95 per cent. of the final rise under 
normal conditions, or 4 to $ of the time to reach 98 per cent. of the 
final rise under these conditions. With air-cooled transformers this 
time would allow of the regulation test at zero power factor being 
carried out, but not the 6 hours' full inductive load test. On the 
other hand, the heat capacity of oil-cooled transformers is so much 
greater than that of air-cooled transformers that with them the full 
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inductive load test for 6 hours could probably be just encompassed, 
if the cooling conditions were temporarily improved—for example, by 
passing ice-water through the water coil in the transformer case, a 
process which would not involve great expense. If the 6 hours’ load 
test is to be carried out with a power factor of 0°8, then the difficulty 
occasioned by the increased losses in the transformers is much reduced. 
With full-load current in the primary windings at 0°8 power factor, the 
losses, where the inductive component is obtained by direct-current 
saturation, are about 1°43 times those under normal full-load conditions. 
The final temperature would then be reached in 04 of the time to reach 
95 per cent. and о of the time to reach 98 per cent. of the final rise 
under ordinary conditions. With oil-cooled transformers this period 
would be probably considerably more than 6 hours, and with air-cooled 
transformers it could be extended to that duration by increasing the air 
blast for the time being. 

Relation between the Direct and Alternating Currents Flowing in the 
Two Windings.—In comparing the values of the alternating and direct 
currents supplied to the two windings, it is simpler to make usc of the 
curve on Fig. 11 corresponding with the series connection of the low- 
tension windings, for then the values obtained from the curve are the 
currents in the windings of one transformer. The following table 
gives a few values of the ratio of the alternating-current and direct- 
current, and of the ampere-turns of the two windings, and brings out 
the curious fact that the alternating and direct ampere-turns are 
approximately equal, this being more nearly the case for alternating 
currents above 30 per cent. of the full-load current. For rough 
calculations it is sufficient to assume that the ratio of the alternating- 
current to the direct.current is equal to the ratio of transformation. 
For full-load current (64:6 alternating amperes) the error in the assump- 
tion is about 3 per cent. 


Direct amperes in high-tension 
winding з з 

Alternating amperes іп low- 
tension winding 266 e. 205 375 64:6 845 
. alternating current 

Ratio SD e - ... 205 187 1°78 1°69 

Direct ampere-turns  ... ... 760 1,520 2,750 3,800 

Alternating ampere-turns ... 902 1,650 2,840 3,720 

Ratio alternating ampere-turns 


10 20 3625 50 


to direct amperc-turns ... IIQ 1909 1'03 098 
Ratio high-tension turns to low- 
tension turns ... ee ... = 76/44, = 1725 


This approximate equality between the two ratios is only true for 
the conditionsof working of these transformers, which were the normal 
conditions—that is, a voltage of 116 on each low-tension winding, and 
a maximum range of flux density variation of + 5,930 about the mean 
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flux density. Had the transformers been designed for any other flux 
density, this equality of the ratios for full-load current would not 

have been observed. This fact may be inferred from the curves on 
— Figs. 15 and 16. 

It is this approximate equality of the alternating-current and direct. 
current ampere-turns which renders the copper losses at full load 
equal to what they would be with the transformers working under 
ordinary conditions. 

Division of the Alternating Difference оу Polenlial between the two 
Low-tension Windings when іп Series.—Whth the parallel connection of 
the two low-tension windings thc alternating current supplied, as has 
already been seen, divides itself into two components, each of which is 
very unsymmetrical (see Fig. 9). It was therefore considered pos- 
sible that some corresponding want of symmetry might exist in the 
wave-form of the electromotive force of each low-tension winding 
in the series arrangement. This, however, does not appear to be 
the case except possibly in a very slight degree. Fig. 14 e and f show 
the wave-forms for the potential difference across both and across one 
low-tension winding, 232 volts, and 116 volts respectively. Fig. 14 с 
corresponds with alternating-current load of 7:5 amperes, and Fig. 14 f 
' with a load of 82 amperes, the frequency in both cases being adjusted 
{о 50 cycles per second. In Fig. 14 e the two half-waves of the volt-curve 
for theone low-tension winding are not of the same length, although the 
whole wave length is equal to and coincides in phase with that of 
the total volt-curve. 

In Fig. 14 f, for 82 amperes, when the cores of the transformers would 
be raised to a high mean flux density, the half-waves of the volt-curve 
for one low-tension winding appear to be of the same length, but there 
is a decided phase-difference between the curve as a whole and that of 
the total potential difference of the two low-tension windings. The 
volt-curves for the other low-tension winding would exhibit similar 
characteristics occurring at instants alternating with those of the above 
curves, and in consequence the induced E.M.F.'s in the opposed high- 
tension windings of the direct-current circuit are not always equal and 
opposite.* 

Behaviour under Conditions of Constant Current and Variable 
Pressure.—Under this heading four tests were carried out, one pair 
with the parallel connections of the low-tension windings (see Fig. 15), 
and a second pair with the series connection (see Fig. 16). Oscillo- 
grams were taken during the tests with the series connections, and are 
shown on Fig. 14 a, b, c, d. 

As the behaviour of the transformers in the two cases was much the 
same, it is unnecessary to discuss both sets of curves separately, and 
as the set for the series connection is the more complete, reference 
should be made to Fig. 16. 

е It will be noticed in all the oscillograms that there is a distinct lengthening 
of the wave-forms from left to right. This is due to an irregularity in the 


construction or running of the oscillograph, and could not be obviated after 
repeated attempts. 
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The first test was carried out with the direct-current kept con- 
stant at two-thirds of the full-load current for the high-tension 
winding, whilst the alternating voltage on the low-tension windings 
was varied. The curve connecting the applied alternating voltage 
and resulting alternating amperes shows that at low voltages they 
are roughly proportional to each other, whilst at higher voltages the 
alternating current tends towards a constant value for any applied 
voltage. This is more pronounced in curve L, Fig. 15, for the 
parallel connection, in which case it was possible to raise the applied 
potential difference to twice its normal value (116 for parallel connec- 
. tion). In this case a change of voltage from 120 to 240 volts only 
increased the current from 9o to 103 amperes. 

This property is an interesting one, and is the opposite of what 
occurs in an ordinary choking coil, when the applied voltage is so 
much increased that the maximum flux density corresponds with high 
saturation. The cause of the phenomenon may be ascribed mainly 
to the fact that as the voltage is raised, and the variation of flux 
density from the mean value increases, lower and lower flux densi- 
ties are reached during that part of the cycle when the alternat- 
ing ampcere-turns oppose the direct ampere-turns. The resulting 
increase of permeability during this half-cycle is far greater than the 
decrease of permeability during the other half-cycle in which the flux 
density is above the mean value, and as these conditions take place in 
inverse order in the two transformers, the mean permeability of the 
system increases as the voltage at its terminals is raised. One might 
suppose that such circumstances would lead to very distorted cur- 
rent wave-forms ; that this is not the case is shown by Fig. 14 b, in 
which the mean direct amperes — 25, the alternating volts — 267, 
and the alternating amperes = 47775. In Fig. 14 a the alternating 
amperes are only 95 and the volts = 30; the flux variation is there- 
fore small, as is also the variation of permeability. The result is 
that the alternating current follows practically a sine wave, and the 
direct current shows very slight variation. Curve II., Fig. 16, shows 
the variation of the power factor within the limits of the test when 
the direct current was kept constant at 25 amperes. It is always 
below o'r, being о‘одт for 07285 kilovolt-amperes, and 0071 at 12°75 
kilovolt-amperes. 

In the second test the direct current was adjusted so as to make 
the alternating current in the low-tension windings constant for all 
voltages. The results of the test for the parallel and series connections 
are shown by curve ПІ. on Figs. 15 and 16. They show what one 
would naturally expect, that as the alternating voltage is increased 
a smaller and smaller direct current is required to enable a given 
alternating current to flow. The form of the curve bears a general 
resemblance to the permeability curve of the core because, to keep the 
alternating current down at the higher voltages needs high mean 
permeability, and therefore few direct ampere-turns, and to bring 
the current up to its required value at the lower voltages requires 
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low permeability and many direct ampere-turns. Fig. 14 сапа а 
are oscillograms showing the alternating current and direct current, 
with the low-tension windings in series. The conditions for Fig. 14 c 
were volts = 272, direct amperes = 19'25, alternating amperes = 38. 
The mean permeability was therefore high, and in consequence the 
direct current exhibits marked fluctuations. In Fig. 14 4 the volts 
= 85'5, direct amperes = 50:8, alternating amperes = 28. Неге the 
mean permeability is low, and the hysteresis loop ranges over a small 
portion of the flat part of the magnetisation curve towards saturation. 
Hence the direct current exhibits only slight fluctuation. In Fig. 14a 
and d the voltage wave-form shows distortion because, being of low 
value, armature reaction in the alternator is more pronounced. 

The power factor within the limits of this test also is always less 
than o'r. Its variation with the alternating voltage is shown in 
curve IV., Fig. 16. For 3'25 kilovolt-amperes its value is 0'092, and 
fof 10°34 kilovolt-amperes its value is 0071. 


APPLICATIONS TO THE TESTING OF ALTERNATORS ON INDUCTIVE 
LoaDs. 


Inductive Load Tests.—In the case of single-phase alternators full 
inductive load tests can be carried out with transformers arranged 
as already described, for, as the oscillograms show, the wave-forms 
of the currents above 20 or 25 per cent. of the full-load currents 
of the transformers are approximately of sine-form. And it will be 
shown in what follows that the actual wave-form is not of very great 
importance in such tests. 

For the single-phase tests, one isolated phase of a 30-k.w. Holmes- 
Clayton 3-phase alternator, having the following rating and data, was 
used :— 


Output... isa es 30 k.w. 


Rated voltage of one ndis ... 220 volts. 

Frequency ... ales Бек Ws 50 С per second. 

Pole number ... ase sii -— 8. 

Armature, stationary, having 72 slots, with 3 slots per pole 
per phase. 


The transformers were connected as in Fig. 2, with the low-tension 
windings acting as primaries and connected to the terminals of the 
alternator. By means of a double-pole change-over switch, the 
alternator connections could be transferred to an ordinary choking 
coil, which was designed to have the smallest possible power factor. 
Readings were taken in the following order :— 


(a) Open-circuit voltage of alternator. 

(b) Potential difference of alternator and load amperes passing 
through choking coil. 

(с) Open-circuit volts of alternator. 
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(а) Potential difference of alternator when connected to trans- 
formers after adjusting the direct current until same alter- 
nating current flowed as in (6), when choking coil was in use. 


The open-circuit voltage was adjusted at the beginning to the rated 
potential difference of the transformers (116 volts on low-tension 
windings). Great care was taken to see that the speed was constant 
throughout, and, after switching off an inductive load, ample time 
was given for the alternator to assume its true open-circuit voltage. 
Table XVIa. gives the results obtained, and shows that the two 
methods of obtaining inductive loads are practically identical in their 
effects upon the alternator if the transformer primaries are worked at 


TABLE XVIA. 


| Open-circuit Volts = 1164. | Open-circuit Volts = 2194. | 
"eur | RSE" | Dep wim Е аса жана 
| IO'O 84 | 84 | 20 | 117 ІГО 
| 144 1271 | 122 | 30 18:3 174 | 
232 | 101 | 18:9 | 40 2572 240 
347 2778 279 | 50 323 зго 
4174 331 | 331 | бо 39°3 380 
478 384 383 | 70 463 453 
529 419 | 420 | 8 535 524 
буо 504 | 505 | go 60`4 595 


about their rated voltage. А further test was made with the alternator 
excited to about 220 volts on open circuit, so that now the transformers 
received nearly twice their rated voltage. The results are given in the 
same table, and do not compare quite so well. 

Methods of Connection for Testing 3-phase Alternators with Full 
Inductive Loads.—]f two sets, that is six transformers, are available, 
then loads of good wave-form may be obtained by making up three 
single-phase pairs connected as in Fig. 2 or 3, and combining these 
in star or mesh groupings with the direct current sent through the six 
secondary windings in series, or each 3-phase set may be star connected, 
and the two sets connected in parallel with the secondaries opposing 
each other as in the Kapp-Sumpner test applied to 3-phase trans- 


eT | 
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formers. The source of direct current is then connected between the 
neutral junctions of the two sets of secondary windings. 

With six transformers so connected the results obtained would be 
as Satisfactory as those recorded above for the single-phase case. 

It is of great convenience to be able to use the high-tension wind- 
ings for the direct-current circuit, for then the strength of the direct 
current required is proportionately reduced, and when possible the 
connections should be arranged with a view to this circumstance. 

There are several methods of arranging the direct-current circuit in 
star- and mesh-connected transformers, and it is possible to superpose 
the direct current upon the alternating current in the primary windings 
in such a way as to avoid апу circulation of direct current through the 
alternator circuits. This is equally true both for full inductive and 
partially inductive loads. In the tests to be described only three 
transformers were available, and mesh connection was adopted for 
both the primary and secondary windings of the transformers. The 
direct current was caused to circulate round the secondary mesh, 
consisting of the high-tension windings, by opening the mesh at one 
corner and inserting a battery, carbon rheostat, and ammeter. As 
there is no alternating electromotive force round such a mesh, under 
ordinary circumstances the direct-current circuit would experience no 
alternating current of any magnitude. However, should such circu- 
lating currents occur through dissymmetry produced by the artificial 
- saturation of the cores, it may be reduced to negligible amount by 
means of an ordinary choking coil inserted in the direct-current leads. 


COMPARATIVE TEsT FOR "DROP" IN 3-PHASE ALTERNATORS WITH 
TRANSFORMERS HAVING ARTIFICIAL SATURATION, AND WITH ORDI- 
NARY CHOKING COILS. 


Three-phase tests were made оп а 3-phase Brush alternator which 
has the following data :— 


Rated output ... zt ... 20 К.м. 
Rated voltage ... i ... 220 volts. 
Frequency is К? ... 50 cycles per second. 


Pole number : е. 29% 
Armature of revolving type A-connected with 3 slots 
per pole per phase. 


The saturation curve is given on Fig. 17. 

The connections when the transformers were used as above 
described are shown in Fig. 18, and the results obtained are given 
on Fig. 19, in the upper table and the full-line curves. 

After completing the test the alternator leads were transferred to 
three ordinary choking coils connected in mesh, and the test repeated 
under the same conditions. The results obtained with the choking 
coils are given in the lower part of the table on Fig. 19, and are 
represented by the dotted curves. 

VoL. 42. 29 
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In order to use the choking coils to full advantage without seriously 
overloading the alternator the open-circuit potential difference had to 
be reduced to 140 volts. This enabled four points to be obtained with 
the choking coils, and had the advantage, for the purpose of the test, 
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of reducing the saturation of the field system, so that any differences 
in the effects of armature reaction in the two cases would be 
exaggerated. 

A comparison of the two sets of curves shows that tbe difference 
in the effects upon the alternator of the two methods of obtaining an 
inductive load is not serious. With full excitation the percentage 


1908. ] TRANSFORMERS AS CHOKING COILS. 441 


difference would be still less, and probably negligible considering 
the accuracy that can be expected in such tests. 

The curves show that with full-load currents (525 amperes) the 
transformers cause a drop of 46 per cent. and the choking coils a drop 
of 47°5 per cent.—that is, a difference of 1°5 per cent. In other words, 
the error by using the transformers was 100 X 1°5/47°5 = 3'1 per cent. 
two low. И six transformers had been available, so that in each phase 
the windings could have been connected as in Fig. 2 or 3, the wave- 
form would have been so much improved that it might reasonably 
have been expected to obtain exactly similar results by the two 
methods. 

On Fig. 20 a, b, c, d, е are wave-forms of the "line" cur- 
rents and terminal voltage of the alternator when inductively 
loaded with the transformers as in Fig. 18. The oscillograms illus- 
trate conditions corresponding with the curves of Fig. 19. The 


Vm: 
а 


Connections for Full Inductive Load. 


Fic. 18. 


rippled curves are the volt wave-forms and the smooth curves the 
current wave-forms. 

Perhaps the most curious feature of the curves is the appearance 
of reversion of the half-waves about a vertical axis, suggesting the 
existence of even harmonics—a circumstance usually impossible. The 
armature reaction causes the potential-difference curves to have a 
similar character in this respect. It must be observed, however, 
that the positive and negative half-waves are not quite similar. 
Another strange characteristic of the curves is that whilst the 
positive half-wave of current is nearly in phase with the volt curve 
the negative half-wave is considerably out of phase, and the mean 
phase displacement is about equal to that occurring when choking 
coils were used (Fig. 20 f). This fact no doubt helps in causing the 
“drop” to be about the same in the two methods of inductive load- 
ing. The fact that such distorted wave-forms of current should 
produce effects differing so little from those produced by wave- 
forms as symmetrical as that of Fig. 20 f would seem to indicate that 
the mean value of armature reaction is of much greater importance 
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than its distribution throughout the cycle. The wave-forms of the 
currents in the actual alternator windings are, of course, not those 
of Fig. 20, which represent the line currents, but they must 
exhibit corresponding dissymmetry, probably like that of the curves 
of Fig. 9.* 

In the application of this method to very large alternators, the 
requirement of a large direct current at a low voltage becomes an 
inconvenience when this has to be sent round the low-tension windings 
of the transformers. For example, if a 3-phase 2,000-k.w. alternator, 
provided with transformers stepping down from 10,000 to 500 volts, is 
to be tested, then the full-load current on the low-tension windings 15 
about 1,350 amperes. In order therefore to cause full-load current at 
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zero power factor to flow into the high-tension windings, a direct 
current of about 1,350 amperes would have to be passed through the 
low-tension windings, as in Fig. 18 (see page 441). This would require 
a battery of about 8 volts with several large sets of cells in parallel, 
or a low-voltage dynamo. The -difficulty may, however, be obviated 
by superposing the direct current upon the alternating current on the 
high-tension windings. In the above case the direct current required 
to obtain full inductive load would be about 70 amperes at about 
150 volts, the latter being the voltage necessary to drive the direct 
current against the resistance of the three high-tension windings. 
The method of connection is shown in Fig. 18a, where АВС герге- 
sent the terminals of the alternator, and ТО, QS, SV, the high-tension 


“Іп Fig. 20 d afid e the positive half-wave of current shows the greater 
phase displacement, whilst in the previous figures the negative half-wave shows 
the greater displacement. This is due to the synchronous motor having dropped 
into different step when starting up in the case of Fig. 20 d and e. This fact was 
not noticed owing to the interval of time between the different exposures. The 
connections to the oscillograph strips were, however, reversed to bring the middle 
half-wave above the zero line. 
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a S 


COMPARATIVE TESTS FOR “DROP” ON BRUSH 3-PHASE ALTERNATOR WITH 
TRANSFORMERS, AND WITH CHOKING COILS. 


(Open-circuit volts = 140 for a, b, с, d, c, f, and 130 volts for 5, h, у.) 


EN =a Ё. 4 
Oscillograms showing Current and Volt Wave-forins corresponding gə | fa = 
to Points on Curves of Figs. 19 and 22. | «35 Еш <2 
Connections as in Figs. 18 and 21. о p | os от 
| Se 1.1.2 a 
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5 Lamp-load only on transformer, non-inductive ... ae ni 463 ! 161 = 
2 | Load cos ф = 08 obtained as in Fig. 21. ... — wi ik 105 120 | 16 
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windings of the transformers. The terminals T, V are bridged by a 
resistance, the middle point of which forms one corner of the mesh. 
With this arrangement very little alteruating current flows through the 
battery or other source of direct current, and even this may be reduced 
by inserting a choking coil in one of the leads. The point P is earthed 
in order to render safe the manipulation of the apparatus in the direct- 
current circuit. It will be noticed that the primary QS is, as far as the 
direct current is concerned, shunted by the leads and alternator phases 
QAOBS. The effect of this is to diminish the saturation of the trans- 
former QS relatively to the others, and to render the inductive load 
unbalanced. If, however, suitable small resistances are connected in 
the leads, the amount of current shunted through the alternator windings 


TABLE XIXA. 
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is rendered small and negligible іп its effects upon the alternator itself 
and the balance of the loads. Better balance is obtained if a similar 
resistance is placed іп the lines СР. "The ammeter for measuring the 
alternating current must be placed in the lead CP, for in that lead 
there is no direct current to vitiate its readings, provided that the lead 
is connected to the middle point of the resistance LM. If the resist- 
ances іп the alternator leads are made too great, then the power factor 
of the load is increased and the drop thereby diminished, as will be 
seen in Table XIXa. 

In order to test this method the 30-k.w. Holmes-Clayton alternator 
was used, with its phases Y-connected and its excitation reduced to 
give a terminal potential difference of 200 volts under these conditions. 
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At this low state of saturation the “drop” obtained was very large, and 
in Consequence it was not possible to reach the full-load currents of the 
transformers without an excessive direct current. 

The tests were made with three different values for the resistance 
of the circuit SOQ, as given at the head of the columns of the table. 
The resistance of the winding SQ was 00375 ohms, so that when SOQ 
was 0°35 ohms, about то per cent. of the direct current was shunted 
from SQ, when SOQ was о? ohms (about 5 per cent.), and when 
SOQ was г'о ohms (about 3:5 per cent.) 

To obtain an alternating load (A,) of 20 amperes, the direct current 
recorded by A, was in each case about 19 amperes, and the values 
corresponding to alternating loads of 30 and до amperes respectively 
were 44 and 110 amperes, the rapid increasc in the direct current being 
due to the large drop in the alternator potential difference. For this 
reason it is better when applying the load to increase the excitation of 
the alternator, so as to maintain the voltage at its open-circuit value, 
and then to observe the rise on switching off the inductive load, as 
recommended by the British Standards Committee. The other method 
was adopted in the tests as being better for the purposes of comparison. 
The direct current in the transformer windings was about 07 of the 
currents recorded in the ammeter A,. The results obtained in the 
tests by the above method are given in Table XIXa. 

A comparison of the values of the drop in columns 2 and 4 with 
those of column 8 shows that the difference between the effects of the 
transformers and choking coils is much the same as in the previous 
test (Fig. 19). 


COMPARATIVE TEST FOR “ DROP” WITH PARTIALLY INDUCTIVE 
LOADS HAVING POWER FACTOR (cos ф) = 0638. 


It is more usual to make inductive load tests on alternators with 
loads having a power factor of about 0°8, and the method illustrated in 
“Бір. 184 may be advantageously modified to this end by simply con- 
necting a water load, or other non-inductive resistance, to the secondarv 
mesh formed by the low-tension windings of the transformers. Under 
such conditions there is no objection to increasing the resistance of the 
leads AQ, BS, and C P until the direct current shunted from the wind- 
ing QS is quite negligible. No test of this kind was carried out, but 
instead of doing so, the direct current was caused to circulate in the 
secondary mesh, as in Fig. 21, the brush alternator being used for the 
purpose. 

The primary and secondary windings of the three transformers 
were connected in mesh, and are marked low-tension and high. 
tension respectively. As in the previous test, direct current was 
caused to circulate round the mesh by opening one corner and 
inserting a battery, ammeter, and carbon rheostat. By this means 
the inductive portion of the current was caused to flow in the 
primary windings. The non-inductive component was obtained by 
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means of a mesh-connected lamp load. In order to prevent any 
portion of the lamp load current from passing through the battery the 
open corner of the mesh was bridged by a carbon rheostat to the 
middle plate of which one lamp load lead was connected. The total 
resistance of this rheostat was 0'126 ohms, the resistance of one-half 
was о"065 and that of the other о’обт. Thus the equivalent resistance 
added to the lamp-load lead = 0’03t ohms, or since the resistance of 
one high-tension winding = 060375 ohms, the resistance of the three 
sides of the A was 0'0375, 0'099, and o'102 ; such ап irregularity in 
resistance would not appreciably affect the balance of the load. 

The various loads were obtained by first switching on a number 
of lamps and then adjusting the direct current until a power factor 


C.R.=Carbon- 
Rheostats 


Vm: 


Еіс. 21.—Connections for Partially Inductive Load. 


of as near o'8 as possible was obtained. The power factors were 
measured by the two-point method, and calculated from the relation 
Wa E Wy 
tan ф = Мз у + Ws 
The results obtained in this manner are shown on Fig. 22 in 
Table A and the full-line curves. The ease of adjustment of the 
inductive portion of the load by means of the direct-current is shown 
by the closeness with which the power factors were adjusted to o°8. 
The inequality which appears amongst the values of the currents in 
lines 1, 2, 3 is due to the fact that in one of the lamp sections two 
lamps out of the five were broken in one phase. This irregularity also 
appears in Fig. 22, Table B, when ordinary choking coils and lamps 
were used. 


448 COALES: A METHOD OF USING [ Dec. 16th, 


The open-circuit voltage of 130 volts was chosen for the test 
because of the ratio of transformation of the transformers, which 
stepped this value up to about that required for the lamps. 

In order to compare these results with those obtained with choking 
coils and lamps, the alternator terminals were next connected to three 
choking coils connected in mesh. and in parallel with the lamp load. 
It was only found possible to obtain two points having power factors 
near the value 038, owing to the fact that with higher currents the 
choking coils took too great a share. These points are plotted on 
Fig. 22. The first point corresponding to a load of 26:3 amperes 
lies almost exactly on the curves of transformer results ; the second is a 
little displaced from the curves, owing to its lower power factor 0°76 as 
compared with о8. It therefore appears that for power factors of 
about 0:8 (the standard power factor of inductive loads for which the ` 
regulation of an alternator is generally specified), the method ot 
obtaining inductive loads by means of transtormers having artificial 
saturation of the cores may be expected to give results which are 
sufficiently accurate for ordinary purposes. Аза method of obtaining 
full inductive loads (with the connections of Fig. 18) it is not quite so 
satisfactory, but it is probably sufficiently accurate for the purposes of 
separation of the inductive and reactive components of the “drop” in 
alternators, when such measurements are made with the object of 
gaining an insight into their design. 

When six transformers are available, and each phase is connected 
as in Figs. 2 or 3, the method is probably in all cases quite as accurate 
as that in which ordinary choking coils are used. 

Fig. 20 г, h, j are oscillograms taken during the last test. Fig. 20, 
g shows the potential ditterence and current wave-forms with lamps 
only on the secondaries of the transformers. The larger curve is 
the potential-difference wave-form. Fig. 20 й and j are the potential- 
difference and current wave-forms for loads of 105 and 43 amperes 
respectively and of power factor = 0'8. Again, the want of symmetry 
would lead опе to expect a difference between the results obtained by 
theabove described method and those obtained with ordinary choking 
coils, which is, however, not brought out by the tests. 

In conclusion, a little may be said as to the construction of special 
choking coils in which artificial saturation of the cores is to be made 
use of. It is a good plan to design the respective dimensions of the 
core and primary winding so that, for the average alternating voltage 
to be used, the range of variation of the flux density above and below 
the mean value is comparatively small. By this means the range over 
which the inductance may be varied can be extended and less distor- 
tion will occur in the wave-form of the current of one primary 
winding. This condition, of course, necessitates either a large weight 
of iron per kilovolt-ampere or a large weight of copper. The windings 
through which the direct current is to circulate should preferably 
have a large number of turns in order to gain the convenience of 
using comparatively small direct currents of ordinary pressures. 
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In order to combine the two transformers into one and so save 
labour in construction, it is suggested that a double magnetic circuit be 
used having three parallel cores, of which the middle core has double 
the section of the outer cores. The primary winding should consist of 
two equal coils placed upon the outer cores and connected so as to 
magnetise the rectangle formed by the outer cores and yoke in the 
same sense. The direct-current winding or secondary should then be 
placed on the middle core, so that when excited it magnetises the two 
outer cores in parallel, while it is itself uninfluenced by the alternating 
magnetic flux produced by the primary windings. By this means 
half the copper required for the direct-current windings, when two 
transformers are used, is saved. 


DISCUSSION, 


Dr. W. E. SUMPNER: The paper describes a method of providing 
artificial loads of very low power factor. A short time ago Messrs. 
Morcom and Morris showed how to design a particular type of choking 
coil for the same purpose. Previously low power factor loads have 
been obtained by a simple copper coil, but this is not convenient in 
practice. 

The most important point to consider is whether such apparatus can 
be successfully used in connection with the testing of large machines. 
I do not feel confident from the author's statements that the use of 
transformers as choking coils is promising. The core losses under the 
conditions described are very large. The author states that they are 
from two to three times the normal. Under these circymstances the 
difficulty is to keep the transformers cool, and this may prevent their 
successful use as a load for large alternators. It is to be hoped that 
some way will be found for overcoming this difficulty so that it will be 
possible to test large machines without providing special plant except 
that involved in the special direct-current excitation. 

There is an interesting point connected with the compound excita- 
tion of the transformer which 15 not fully stated in the paper, though it 
is illustrated by one of the curves. The applied alternating-current 
voltage forces the magnetisation of the core through the same change 
of flux, whether the core is excited by direct-current or not, but when 
compound excitation is used the mean flux is much less than that 
caused by the direct-current excitation alone. When the alternating 
current is positive—that is, circulating in the same sense as the direct 
current—the permeability is low and the flux change small, while, when 
the alternating current is negative, the permeability is high and the flux 
change great. This leads to the difference in form of the positive and 
negative half-waves of current, and causes irregular alternating-current 
waves, au undesirable result. Were it not for this, however, the 
method would be impracticable, because the currents would become 
so excessive that the coils would overheat. 

Two other points call for notice. Тһе statement that Cos ф has no 
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definite meaning unless the currents are truly sinuous is incorrect, for 
the expression, when equated to the power factor, yields a value for 9, 
which has a precise meaning in connection with vector figures, how- 
ever irregularly the currents and voltages vary. The other statement 
to which I wish to refer is Dr. Coales’ experimental result that the 
average self-induction of the transformer coil is inversely proportional 
to the strength of the direct current used for the excitation. There 
are many definitions of self-induction, but a very usual one is that 
given by the equation— 
РА = У, 


where V stands for the voltage апа A for the current of a choking coil, 
and where р 15 proportional to frequency. For a choker excited at con- 
stant voltage and frequency, like those of Dr. Coales, the product LA 
would be constant, and as Dr. Coales found in jis tests that the alter- 
nating current A was approximately equal to the direct current he 
used, and that the self-induction was inversely proportional to the 
direct current used, the result he found merely expresses the fact that 
he was using constant voltage. 

Мг. S. Р.ӛмітн: The line current curves a to e (Fig. 9) show clearly 
that the current wave approaches more nearly to a sine wave as the 
saturation increases, the reason being that the effect of the iron 
diminishes at such high flux densities. In this case the prominent 
harmonic seems to be a negative cosine term of the third order. But 
where does this third harmonic in the line current come from? The 
curves themselves seem to supply the answer to this. Looking, for 
instance, at the curves of magnetising current in Figs. 9 f toj, it will 
be seen that a strong second harmonic, due to hysteresis, is visible. 
Turning then to Fig. 13, curves b to e are given of the direct current 
in the windings marked H T. Now,in the lower curves, d and e, the 
curve of direct-current amperes shows the superposition of an almost 
pure second harmonic, whilst the curves of alternating-current amperes 
in these cases deviate but little from sine waves. Іп curves 6 and c, 
however, the alternating-current amperes show the strong third men- 
tioned above, and this shows its effect on the direct-current amperes by 
the superposition of a fourth as seen by the peaks and flats in these 
curves. "That this fourth harmonic varies with the third in the alter- 
nating-current wave (Figs. 13, b to e) seems to point conclusively to 
the fact that it is due to this third harmonic. Ina similar manner, the 
third harmonic in the alternating-current line amperes doubtless owes 
its origin to the second harmonic in the magnetising current (Fig. о). 

The reactions then seemed to be as follows :— 

The second harmonic in the magnetising current due to hysteresis 
superposes itself on the secondary circuit traversed by direct current. 
This reacts on the primary current and sets up a third harmonic. 
This third harmonic again reacts on the secondary and produces a 
fourth harmonic, and so on. 

И is remarkable that the results should so closely resemble the 
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reactions іп an alternator, where the second, fourth, sixth, . . . har- 
monics appear in the field amperes, whilst the first, third, fifth, seventh, 

. appear іп the armature атрегез. Іп the case of an alternator, 
however, the origin of the second harmonic is clear, namely, the 
rotation of the field system in synchronism with the main current. 

Dr. D. K. Morris: I should like to emphasise the great importance 
and the difficulty of testing alternators, and also the cost of carrying 
out such tests. Since the work by Messrs. Morcom and Walshe the 
cost of the necessary apparatus, if choking coils are used, may be said 
to be reduced to somewhere about ту of what it formerly was. Ог. 
Coales' test seems to call for no special apparatus, which will be a very 
important advantage. He states that a test can be run for 4 hours 
using the transformers designed for working with the generator under 
test. This length of time is too large, and I think it will be found that 
the test cannot be run, more than about } hour without causing over- 
heating. 'This would, however, permit of the regulation of the alter- 
nator being tested, and from the rate of rise of temperature it would 
be possible to get an idea of the temperature rise. 

A disadvantage is the very low direct-current voltage required, 
which would in most cases mean special cells or generators. An 
advantage of the test not clearly brought out is that the use of direct- 
current current permits an easy adjustment of the alternating.current 
current when working with constant voltage. With the Morcom and 
Walshe choking coils this is accomplished by putting resistance in series 
and parallel with the coils. 

Mr. А. К. EVEREST: I am unable to understand the suggested large 
increase in ігоп loss for the same voltage and frequency when the flux 
pulsation is superposed upon an initial magnetisation produced by 
direct-current excitation. Some years ago I developed some reactance 
coils for use іп a rectified series circuit where the current wave con- 
sisted of a large direct-current component with a smaller alternating 
component superposed upon it. These coils were designed on the 
assumption that for the same frequency and total range of flux varia- 
tion the core loss would be the same as if the total range of flux varia- 
tion were divided equally above and below the neutral-point. According 
to my recollection, the heating tests made on these coils confirmed this 
assumption and justified the design. From this it would appear that 
the hysteresis loops as shown in the diagrams do not quite represent 
what actually occurs. 

Dr. С. КАРР: Considering the matter from the point of view of the 
practical engineer, a test for alternators that can be made without the 
purchase of any special apparatus at all possesses a distinct commercial 
advantage. For the test proposed by Dr. Coales it will be necessary to 
go to some expense in order to provide a suitable supply of direct 
current, but this should be less than that due to providing special 
choking coils. The important question, then, is whether a transformer 
used in the way suggested would get too hot in too short a time. 

For a long time engineers had been in the habit of believing 
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implicitly in the statement by Steinmetz that the hysteresis loss 
depends solely on the limit of flux variation, the dependence bcing 
expressed by the exponent r6. It would be very strange if this 
were proved not to be true, but I must admit that the author has 
some, evidence to support this view. 

But even taking the statement in the paper that the core loss is 
increased by 40 per cent. over the normal, I still believe the method 
could be used commercially. "The heat capacity of an oil-cooled 
transformer is enormous. "Taking as an example a 100-k.v.a. trans- 
former of, say, 98 per cent. efficiency, there would probably be about 
5 kg. of metal and 5 kg. of oil per kilovolt-ampere output. Assuming 
that no heat is dissipated, and considering the specific heat of metal 
and oil, it will be found that per kilovolt-ampere 3 calories were 
required to give a temperature rise of 1? C., or 150 calories for so? C. 
rise. This makes for the whole mass of the transformer 15,000 calories, 
ог 175 k.w.-hours. From this it can be seen that the transformer 
might be run for over 8 hours under the conditions required by the 
test without a greater temperature rise than 50° C. Even were the 
loss twice or three times as much, the test can still be run about 
2 hours. 

I therefore believe the test to be commercially possible, particularly 
as most alternators reach their final temperature in 6 hours. 

Dr. J. D. CoaLes (in reply): Dr. Sumpner, Dr. Morris, and Dr. 
Kapp have in turn alluded to the possibility of testing alternators for 
6 hours with an inductive load obtained in the manner described. 
This point has been briefly referred to in the paper, although my 
original intention was to suggest the use of such inductive loads merely 
for regulation tests of alternators. Taking the case of a 100-k.w. trans- 
former of 98 per cent. efficiency, with a total of 1o kg. of copper and 
iron per kilowatt, and 4 kg. of oil per kilowatt, with cooling conditions 
such that a final temperature rise of 50? C. would be obtained, it would 
be found that about 30 hours would elapse before the temperature rise 
attained 98 per cent. of its final value, or 25 hours before it attained 
95 per cent. of its final value. From what is said in the paper this 
would allow of a 4 hours' run at full inductive load, with ordinary 
cooling conditions, and a ro hours run with full load of power factor 
— о'8. With temporarily increased cooling conditions the above-men- 
tioned period of 4 hours may be increased to 6 hours, thus rendering a 
full inductive load test possible. 

Dr. Sumpner referred to the irregularity of the alternating-current 
wave-form in one of two parallel connected primaries, with artificially 
saturated cores (see Fig. 6). "This irregularity is compensated for by a 
similar irregularity of opposite sense in the other primary, with the 
result that the alternating current flowing into the pair is symmetrical, 
as illustrated by the oscillograms and explained at length in the paper. 
Where three A-connected transformers are used this irregularity is, 
however, not eliminated, as is shown by the oscillograms of Fig. 20, 
and itis for this reason that comparative tests, with choking coils of 
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good ordinary designs, were made in order to show that the irregularity 
is unimportant in testing alternators. With regard to the use of the 
term “совф” for power factor when the pressure and current wave- 
forms are of different shape, Dr. Sumpner is no doubt correct from his 
own point of view, but it seems to me that some special convention is 
necessary in order to be able to represent wave-forms which are not 
sinusoidal, and are verv dissimilar, by simple rotating vectors. Dr. 
Sumpner finally referred to the statement, “that the mean соећсіепі 
of self-induction varies inversely as the direct current used to saturate 
the cores," and suggests that this merely expresses the fact that the 
tests were carried out at constant pressure. In making the above 
statement I was merely putting the results of experiment in another 
form. Since it is found that with constant alternating volts the direct 
and alternating currents are proportional to each other, then the mean 
coefficient of self-induction must vary inversely as the direct current. 
This inverse relationship is still true if the alternating voltage is varied 
within limits. It is due to the physical qualities of the iron and not to 
the mere external conditions of the test. In curve г, Fig. 15, the mean 
coefficient of self-induction will be found to be independent of the 
alternating voltage between the limits of o and 70 volts. 

Mr. Smith's remarks in connection with the harmonics in the 
current wave-forms illustrated in the oscillograms are interesting. 
The subject is an intricate one, and I should be glad to have the 
opportunity of following his observations more closely when published 
in the Fournal. 

With regard to the question of core losses alluded to by Mr. Everest 
and also by Dr. Kapp in connection with the curve in Fig. 12, this 
curve gives the total core losses, including the eddy-current losses in 
the two transformers, and it cannot without further investigation be 
accepted as evidence that the results of Steinmetz are of doubtful 
accuracy. It must be remembered that the strong saturation of the 
core by the direct currents tends to promote leakage, and that this 
probably causes unusual eddy-current losses in the copper of the wind- 
ings and in the unlaminated ironwork in the neighbourhood of the 
core. Fig. т is only intended to illustrate the increase in the alter- 
nating magnetising current produced by direct-current saturation of 
the iron, and no attention should be paid to the relative areas of the 
hysteresis loops there shown. 
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FIG. 1. 


General View of o'oot and 0'04 Ohm Resistances with Current 
Capacities of 2,000 and 50 Amperes respectively. 
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INTRODUCTION. 


In the measurement of power in alternating-current networks when 
the highest accuracy is desired, it is difficult to obtain standard 
resistances in which the time constant (the inductance divided by the 
resistance) is sufficiently low to render the effect of inductance 
negligible, and at the same time the resistance of which does not 
vary with the temperature or the frequency. 

This is especially the case when large currents are to be dealt with, 
for in this instance the comparatively large amount of energy to be 
dissipated renders it almost impossible to get rid of the heat by natural 
radiation sufficiently rapidly to prevent a rise in temperature beyond 
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the limit at which even the best material will maintain its resistance 
sufficiently constant. 

In the case of resistances for the measurement of large currents, 
although much care may be taken to reduce the self-inductance, the 
comparatively low value of the resistance makes it very difficult to 
reduce the time constant sufficiently to be negligible at low power 
factors. 

In dealing with the question of alternating-current measurement at 
the National Physical Laboratory, we have had to aim at an accuracy 
considerably higher than 1 part in 1,000, and not the least difficult 
part of this problem has been to construct a series of resistances 
ranging from оо4 to o'oor ohm, and capable of operating at from 
50 to upwards of 2,000 amperes. 

It is not proposed in this paper to explain in detail the electrostatic 
instruments and methods emploved for measuring respectively the 
volts, amperes, and watts, but rather to limit the discussion to a 
description of the standard resistances used with the electrometer, 
and the methods employed for surmounting the difficulties indicated. 


W'ATER-COOLED RESISTANCES. 


It is generally recognised that for laboratory purposes it is not 
desirable to try to limit the amount of power used in the measuring 
apparatus (provided the heat can be effectually dissipated) if cxtra 
torque and increased accuracy and reliability can be secured in the 
standard instruments, 

In the resistances in question we have been able, without difficulty, 
to use a drop of 2 volts and more, across the potential points, for 
standard resistances up to 2,000 amperes, and we have adopted this 
figure as a basis for alternating current and power measurements. 

It will be readily appreciated that the only practicable method 
of dealing with this amount of power (4 k.w. in the 2,000-ampere 
resistance) is by some artificial method of cooling. The device adopted 
by Messrs. Crompton many years ago of tubular resistances cooled by 
water constantly flowing through them suggests itself at once as the 
most convenient form for the purpose.* Attempts were first made to 
draw Eureka tubes, and Messrs. The London Electric Wire Company 
went to considerable trouble in an endeavour to make some seamless 
tubes of this material; but the attempt had eventually to be abandoned 
in favour of manganin. This alloy, although more troublesome on 
account of the necessity of hard soldering all joints, appears іс lend 
itself better to the drawing of seamless and uniform tubes, The tubes 
used have been obtained from Messrs. Goliasch, of Berlin, and have 
proved most satisfactory in every way. (For detailed dimensions sec 
Table II.) 


* See “Тһе Potentiometer and its Adjuncts," by Clark Fisher, p. 77 ; also 
Electrician, vol. 38, p. 22, 1890. 
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CURRENT DENSITY. 


In order to be able to obtain high wattmeter readings at low power 
factors it is desirable to be able to use each resistance at a current 
considerably in excess of that for which it is normally rated, thus 
obtaining a greater voltage drop and proportionally larger deflection. 
In the following table of values, therefore, column 2 gives the normal 
current for each resistance, viz., that causing a 2-volt drop across its 
terminals; whilst column 4 gives the value to which the current in 
each resistance can be raised before a greater change than 2 parts in 
10,000 takes place in its value, due to rise of temperature. 

It is possible, of course, by applving a correction to use the баве 
for higher currents than these. For instance, the o'oor ohm standard 
has а total change in resistance of г part in 1,000 from o to 3,500 
amperes, and a similar increase in their ranges may be obtained from 


TABLE I. 
Mica | “Normal” | Volt Drop with " Maximum " ы Drop with 
ышы Current. Normal Current. Current. и 
| Current. 
| Ohms. | Amperes. | | 
| 0'040 50 2 115 | 46 
i 

| 0'020 100 2 200 | 52 

O'OIO | 200 2 450 | 45 
| 0'002 I,000 2 1.300 2:0 
| 
| O'OOI 2,000 2 2,500 as 


the other tubes without the necessity of a correction, if changes in 
resistance up to o'r per cent. may be neglected. 

The figures in Table I. were obtained experimentally from the 
tubes actually constructed. They will necessarily. vaty somewhat 
according to the temperature-resistance characteristic of the manganin 
used, but they serve to indicate the range and the order of accuracy 
obtainable from this class of apparatus. 

The watts (per square centimetre) which are dissipated in these 
tubes under the “ maximum” load conditions vary from 74 to 12. An 
upper limit of ro watts per square centimetre may be taken as an 
average value for the design of manganin tubes up to r'5 mm. thickness 
of wall. This corresponds to a current density of about 25 amperes per 
square millimetre (16,000 amperes per square inch) in tubes 0:3 mm. 
thick, The authors’ experience up to the present goes to show that 
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within certain limits, from the point of view merely of efficient cooling, 
the thickness of the walls of the tubes is not of great consequence. 
It will be apparent, however, from consideration of the magnitude of 
the self-induction, that a thin-walled tube of large diameter, working at 
a high current density, has great advantages. Hence it is areal рат 
to be able to work with current densities up to 25 amperes per square 
millimetre. 

The experimental results given above were obtained with a flow of 
cooling water from the ordinary main supply of about 15 litres per 
minute, but the flow may be varied considerably without grcatly 
affecting the result. 

It is probable that if more perfect arrangements were made for 
churning the water in the tubes as it passes through them, a much 
smaller volume of water would suffice to give as favourable results as 
those obtained with the larger amount of flow. The difficulty is that 
the water tends to pass up the tubes without mixing sufficiently, the 
inside of the column remaining cold with a skin of relatively hot water 
on the outside next to the metal. In the larger sized resistances a 
length of glass tube fills up most of the space inside (see Fig. 3), and 
helps to diminish the flow whilst increasing the velocity at the surface. 
The difference in the temperature of the inflow and outlet water in the 
case of the o'002-ohm tube when dissipating 64 k.w. was found to be 
only 4'7° C. The actual difference of temperature between the bottom 
and top of the tube, however, was much greater than this amount, 
showing that the mixing was not perfect. The water must be led in 
to the bottom of the tube, which is for this reason used in a vertical 
position, so that it always remains full. Should, then, the current 
be switched on by mistake without turning on the water no damage 
to the standard will ensue. 


CONDUCTANCE Or THE WATER. 


In order to test whether the conductance of ordinary London tap 
water has any effect on the apparent resistance of the tubes the follow- 
ing test was made : À glass tube of length and diameter, similar to that 
of the tube of the ооо2-оһт resistance through which a flow of water 
was maintained, was connected up in series with a high variable 
resistance. When the latter was 40,000 ohms, and 110 volts connected 
across the two in series, an electro-static voltmeter gave equal deflections 
on the two portions of the circuit. This showed that the resistance of 
the column of water was of the order of 40,000 ohms, an entirely 
negligible quantity when shunting these low resistances. 


DURABILITY. 


It is of some interest to notice that a water tube manganin standard 
similar to the 07002-ohm size described here was recently taken to pieces. 
It had бесп in use for about four years, and showed no signs of de- 
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terioration due to the constant flow of water through it. The thin 
internal enamelled surface appeared to be as clean as when new, and 
the resistance value of the tube had also not altered. 


CHANGE IN RESISTANCE DUE TO VARIATION OF LOAD. 


The diagram in Fig. 2 illustrates the change in the resistance of the 
o'ooI-ohm manganin tube as the current increases from о to 4,000 
amperes. The shape of this curve may be taken as typical of the 
curves obtained by experiment on all the standards, which exhibit the 


O-OO1001 


Resistance (ohms) 


. 6 
00009995 


Current (amperes) 


Ес. 2.—0'001 Ohm Standard Resistance. Curve of Change of Resistance 
with Current. 


well-known characteristic of manganin alloy for variation of the tem- 
perature coefficient. In good manganin there is a total rise in the 
resistance of about 2/10,000 from 8° С. to 35 or 40? C., after which, as 
the temperature increases, the resistance tends to fall with greater 
rapidity than the original rate of increase. 


CONSTRUCTION. 


The cross-section of each tube is proportioned so that a length of 
about 40 cms. (154 in.), has the desired resistance. Five sizes have been 
made up to the present, and three resistances of each size except of 
the largest. These enable 3-phase watt measurements to be made, in 
which case one resistance is connected in each phase, and the standard 
wattmeter changed over from one to the other. 
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The approximate dimensions of the tubes are given below in 
Table II. 

These tubes are silver soldered into heavy copper ends which form 
the potential points, and which serve to lead the current into the tube. 
Each copper end has a hole through it equal to the bore of the tube, so 
that a stream of cooling water can pass continuously through the tube 
carrying away the heat, and maintaining the resistance alloy at an even 
temperature. 

The working drawing of one of the complete resistances (0:002 ohm 
for 1,000 amperes) is shown in Fig. 3. It will be seen írom this 
that the current is led in from the two terminal posts in a way which 
maintains a well-closed circuit and thus avoids giving rise to fields 
which may affect other apparatus in the neighbourhood. The narrow 


TABLE II. 


Approximate Dimensions of the Manganin Tubes, 


| | 


Resistance. Outer Diameter. | Thickness of Wall, i Length. 
p e 
| | 
Millimetres. Millimetres. Centimetres. 

0°040 6 0°25 | 354 

0'020 IO 0°30 40 

ООО 15 0°40 39 

0'002 30 I'O0 48 

O'OOI 40 150 423 


ring soldered to the centre of the tube forms the common point for 
the volt and current circuits in wattmeter measurements with the 
quadrant electrometer. Ё 

The manganin tubes are seamless, and the first treatment 15 to 
thoroughly anneal them at a red heat, in order, as far as possible, to 
secure subsequent constancy in their resistance. The heavy copper 
cylindrical ends and centre rings are then sweated on with silver 
solder, care being taken to ensure that the resistances are a few 
per cent. lower than the values which are finally required. 

It is then necessary, especially with the very thin walled tubes. 
to wash over all the inner surfaces with acid so as to remove the scale. 
If this is not done the tubes will have a comparatively large tem- 
perature coefficient. After removing all traces of acid the inner 
surface is coated with enamel which is hardened in the usual way 
by stoving. This prevents subsequent oxidation of the surface. The 
tubes are then ready for closer resistance adjustment, which is best 
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done by sand-papering their outer surfaces in a lathe. When the 
resistance is within 4 per cent. of the final value the tube is soft 
soldered into the brass or copper end castings and mounted up. 
The final adjustment is then made and the outer surface lacquered 
to prevent oxidation. 

A photograph of the largest and smallest of the thirteen tubes 
at present made 15 reproduced іп Fig. 1. 


SELF-INDUCTION, 


The method usually adopted for rendering a low sheet resistance 
as non-inductive as possible is to double the sheet back upon itself. 
Dr. Orlich (of the Reichsanstalt) has recently constructed a set of 
oil-cooled standards on this principle, with very active mechanical 
stirring of the oil; but as he has not up to the present published details 
of the results attained, the authors are not in a position to discuss 
them. 

In order to bring the volt drop across the. terminals of the water- 
tube standards into phase with the currents passing through them, a 
device has been adopted which was suggested by Mr. Albert Camp- 
bell,* in connection with non-inductive resistances. 

It consists in leading the potential wires back along the resistances 
in such a way that the magnetic flux, which causes the back E.M.F. of 
self-induction in the resistance, will also give rise to a practically equal 
back E.M.F. in the lead of the potential circuit and so neutralise 
the induction effect. In order to make this elimination more complete 
and also to render the calculation of the inductance possible, it is 
necessary that the potential lead shall take the form of a closely fitting 
cylindrical sheath running the whole length of the tube and insulated 
from it at all points except at one end. In the tubes in question the 
thickness of this insulation is 02 mm. 

The cross-section of one of the tubes with its sheath clamp is shown 
in the top right-hand portion of the working drawing in Fig. 3. Under- 
neath this is shown a section (to a very much magnified scale) of a 
small part of the tube, insulation, and sheath in order to illustrate their 
relative proportions. On account of its closeness to the tube it has not 
been possible, to draw the sheath in the elevation, only its clamp being 
shown. 

The magnified section, as reproduced, is twenty times the scale 
of the remainder of the drawing. An inspection of these drawings will 
show that the only flux which can cause a self-inductive effect which is 
not eliminated by the sheath is that which cuts the manganin tube 
while it does not cut the sheath. Of these linkages those outside 
the sheath are completely eliminated by it and those inside it can 


* Electrician, vol. 6r, pp. 1000-1001, 1008. Dr. Orlich has kindly brought to the 
authors’ notice an article by Leo Lichtenstein in the Dinglers Polytechnisches Fournal, 
vol. 321, pp. 38, 109, and 118, 1900, in which this method is foreshadowed of 
neutralising the self-induction of an alternating-current circuit. 


Е SS ee А 4 ы 


FOR ALTERNATING-CURRENT MEASUREMENTS. 463 


be divided into two classes: namely, the linkages of the flux in 
the insulating material with the whole current, and the linkages of the 
flux in the tube itself with part of the current. It will be seen how the 
concentration of all the current in a very thin tube of large radius 
assists the non-inductive quality of the resistance as compared with the 
case in which it is distributed over a solid conductor. 

The most perfect condition is, of course, approached as both the 
thickness of the wall of the tube and the distance between it and 
the sheath are reduced, and also as the diameter of the tube is 
increased. 

If we use the formula due to Lord Rayleigh for calculating the sclf- 
induction of the tubes, the inductance, which is introduced by the 
potential sheath not being infinitely close to the tube, can be separated 
from the inductance, due to the walls of the tube being of finite thick- 
ness. This formula for the self-inductance of concentric cylinders is 
given in a convenient form by Russell,” and has recently been more 
fully developed by the same author in a paper before the Physical 
Society of London.+ 

The decrease of the self-induction of these standards due to skin 
effect, calculated from the formula: given in that paper, are not appre- 
ciable at the ordinary frequencies met with in practice, and it is 
sufficient to take the simple formula reproduced from Dr. Russell's 
book below. 

If ba 6,, а„ and a, (in centimetres) are the outer and the inner radii 
of the outer and inner cylinders respectively, then— 


г JE [ 2a, а, а2 — За? 
l 2 [ 
=[2 оё, (а-а! Beu, T а? —a;? ; | 


2h, b 4b? — 0,4 
ос ES | 
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where L is the inductance in centimetres and / is the length of the 
tubes. (І ст. inductance = т henry X 107%.) 

Now it will be seen from this that the first term deals with the flux 
which pulsates in the insulating medium between the two cylinders. 
The second term takes account of the flux which is restricted to the 
walls of the inner cylinder and which does not emerge from ite outer 
surface ; whilst the last term, which we do not require in our problem, 
deals inasimilar way with the tlux confined to the outer return conductor 
of a concentric main. We are clearly not concerned with the linkages 
due to the current in the return conductor since its inductive effects on 
the sheath and the inner tube are practically equal and opposite. In 
our case, therefore, we are only concerned with the two first portions 


* “ Alternating Currents,” vol. i., р. 53. 
T Proceedings of the Physical Society of London, vol. 21 (1909). 
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of the formula. The insulation between the tubes and their sheaths 
consists of a single laver of varnished cloth, оғ2 mm. thick, the sheath 
itself being made of copper foil, оо mm. thick, bound tightly round 
the varnished cloth. It is hardly practicable from the point of view of 
the security of the insulation to attempt to make the latter thinner than 
o'2 mm. Much mav be gained, however, by making the tubes of large 
diameter with thin walls. 

Table III. gives the values of the effective inductances and time 
constants of the various resistances, and shows the large amount of 
power which it is possible to dissipate with very low time constants in 
this tvpe of standard. 

The diagram in Fig. 4 has been drawn from the calculated values 
in order to indicate graphically the relative effect of the two linkages. 
The resistances of the tubes are plotted as abscissa, and the inductances 
in centimetres for the tubes as ordinates. The upper curve gives the 


TABLE III. 
| Inductance 
Р І Current Kilowatts Dissi- S Eticctive 
Resistance. | А қ : Resistance à р 
| Range. pated at Full Load. (Time Constant). lnductance. , 
———— LE 
Amperes, | Centimetres. 
| 0'040 115 0'53 ró xX 107 = 65 
| 0'020 260 1°35 277 X107 . 54 
| 
ооо 450 2°00 34X 107 | 34 
i О"ОО2 1,300 3°40 | 185 X 1077 37 
! 
| 
O'OOI 2,500 6:25 |^. 3070 X 1077 30 


a ee —— eee —— —— 


total inductance, and the lower one shows what portion of the induct- 
ance is due to the thickness of the insulation between a tube and its 
sheath. ‘The curves are merely given to indicate the order of inductance 
obtained in these particular tubes, and thev onlv, of course, give the 
approximate values. These values and also those in Table 1II. must 
necessarily be modified to some extent as the dimensions of any given 
tube are changed. For instance, the inductance of the 0:002-olim tube 
could have been reduced from 377 cms. to 122 ст., for the same cooling 
surface, if it had been made 4 instead of 3 cms. in diameter, with a wall 
of о instead of 1 mm. thickness. Аз already pointed out, however, 
mechanical considerations prevent the use of tubes the walls of which 
are too thin, although tubes with o'5 mm. walls are probably quite 
practicable. 

With the data and experience gained with the tubes already con- 
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structed, the authors are now designing standards to work with 5,000 
and 10,000 amperes in which the inductances will be more favourable 
than those calculated in Table ITT. 

The necessity of reducing the value of the inductances of low resist- 
ances to the lowest possible limit is illustrated in the diagram in Fig. 5. 
This shows how the angle of phase displacement between the current 
and the volts on the potential terminals of the resistances varies at а. 


in centimeters 


(Henrysxio 9) 


Inductance 


о O-OL 0-02 0-03 0-04 
Resistance of Tubes (ohms 


Fic. 4.— Diagram showing the Relative Proportion of the Self-induction of 
Tube Resistances caused by the Thickness of Insulation between Tube and 
Sheath. 


Curve A shows the proportion of the inductance which is due to a thickness of 
insulation of оғ2 mm. 
Curve B gives the total inductance, 


frequency of 50 cC. The scale on the left-hand side shows the error 
introduced into wattmeter readings at o'1 power factor in which these 
resistances are used. The curve illustrates the fact already alluded to, 
that for standards up to 2,000 or 3,000 amperes, although the induct- 
ances may be as low as 3 cms., viz., three thousandths of a microhenry, 
the low value of the resistance and consequent high time constant 
makes it necessary to use a correction, if a closer accuracy than 1 per 
cent. is desired at power factors of o'r. With resistances for 200 and 
300 amperes the correction is only ovr per cent. at от power 
factor. 
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THE EFFECT OF FREQUENCY ON THE RESISTANCE OF TUBES. 


Owing to their large diameter it was necessary to calculate the effect 
of a variation of frequency on the resistance of the tubes. 

For this purpose the authors used Dr. Heaviside’s formula, an inde- 
pendent proof of which has recently been given by Dr. Russell (l.c. ante). 
It was found that owing to the thinness of the tubes and the high 
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Fic. 5.—Diagram giving Phase Displacements between Current and Volts 
for the different Resistances, and the Error caused in Wattmeter Readings 
thereby at o'1 Power Factor and 50 (XJ per second. 


volume resistivity of manganin the variation of resistance with fre- 
quencies of 100 or less only affected the hundreth-thousandth place and 
was absolutely negligible. Hence in using these tubes to an accuracy 
of one or two parts in 10,000 it is only necessary to make a slight 
correction for their very minute inductance in cases when low power- 
factor circuits are being dealt with. 


EXPERIMENTAL TESTS TO DEMONSTRATE THE SCREENING EFFECT OF 
THE SHEATHS. 


We are not aware of any method of measuring the low values of 
effective inductance of such resistances as these to anything approach- 
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ing the accuracy with which they can be calculated. The following 
experiment is of interest, however, and embodies a method which has 
been found of great value in measuring small differences of phase 
in current transformers and similar apparatus. The method is similar 
in principle to that which the authors find has been utilised and 
described by E. and W. H. Wilson in connection with some interest- 
ing tests on commercial shunts.* 

R апа R, Fig. б, are two similar water-tube resistances supplied 
with current by one of two alternators coupled together. The 


ЧЕ 


Fic. 6.—Diagram of Conncctions for Test to Demonstrate the Screening 
Action of the Potential Sheaths. 


quadrants of a sensitive electrometer are connected across one of 
the resistances, while the needle is connccted to the other alternator 
whose voltage is displaced 9o? with relation to the phase of the 
machine wbich supplies the current. The phase difference is adjusted 
till the deflection of the electrometer is zero, the quadrants being 
connected to one of the resistances. If these are now changed over to 
the other one, any deflection will be proportional to the sine of the 
phase angle between the E.M.F.’s on the two resistances. 

In the tests two similar standards were used, one with its sheath 


* Electrician, vol. 56, р. 404, 1900. 
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and the other without, and it is possible thus to test the difference of 
etfective inductances of the two tubes and to illustrate the screening 
action of the sheaths. 

Measured in this way the change of phase angle of the о'оо2-оћт 
resistance with and without its sheath was 0:67? at 50 СМ) per second. 
It will thus be seen (by comparison with Fig. 6) that the sheath 
corrects for over go per cent. of the inductance of this tube. If the 
tube be surrounded by one or two sheets of iron the deflection without 
the sheath can be increased то times—but no сесі whatever is 
produced by the iron on the deflection when the screen is used. 


COMPARISON WITH OTHER APPARATUS. 


It is interesting to compare the relative advantages of the authors’ 
tube type of non-inductive resistance with the more usual strip tvpe. 
A comparison cannot be made on the basis of inductance alone since 
the capacity of the tube resistances to dissipate energy may be said to 
be roughly 300 times that of air-cooled standards. This gives them 
a great advantage from the points of view of overload capacity and 
constancy of resistance at all loads. It is clear that a strip doubled 
back on itself could not be satisfactorily cooled with water on account 
of the nearness of the ends and the consequent leakage which would 
take place through the water, so that the only alternative is to use the 
oil cooling mentioned earlier in the paper. 

The authors are of opinion, however, that the water-tube type of 
resistance must compare very favourably with any other similar 
standards from the points of view of cooling efficiency, compactness, 
and general convenience. Quite apart from these characteristics, it 
would appear that advantage also lies with the tube resistances from 
the point of view of low self-inductance. 

Applying the formula given by E. B. Rosa * to calculate the order 
of inductance to be obtained from flat sheet resistances the following 
case has been taken. А sheet of manganin 86 cms. long, 20 cms. 
broad, and 2 mm. thick, thus giving a resistance of approximately 
o'oor ohm, is assumed doubled back on itself. The formula assumes 
the sheet to be of neghgible thickness so that the case is quite 
hypothetical. Suppose, however, we assume these two negligibly thin 
plates to have an average distance between their centres of 2 mm. 
then the inductance works out at 573 cms. as compared with 3°0 cms. 
for the water-cooled type of the same value of resistance. И this 
resistance is air cooled it» maximum capacity will be about 250 amperes 
instead of 2,500 in the case of the water-cooled type in spite of its 
having more than three times the cooling surface. The case taken 
assumes that these two large plates can be satisfactorily mounted so 
that the distance between them is of the order of о5 mm. It is, 


* Bulletin of the Burcau of Standards, vol. 4, No. 2, p. 324. 
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however, questionable whether this can be achieved, and it is more 
probable that a much greater distance would be necessary. 

The following data are given for the purpose of indicating the 
magnitude of the inductances found in commercial apparatus. 
Messrs. Е. апа H. Wilson (ref. cif.) give the value of a commercial 
corrugated straight manganin shunt for use with a hot wire ampcre- 
meter as 160 cms. Its value was 0'0045 ohm, being constructed for 
200 amperes. The phase displacement of this shunt at 5065915 of the 
order of 06°. 

Messrs. Siemens and Halske publish the results of phase displace- 
ment tests between the primary and secondary of one of their high- 
grade current transformers, ratio 1,200/5, 50 Cw. These tests show 
phase displacements varying from o'3? at у; load to o'2^ at full load. 
Our own measurements on the phase differences in current trans- 
formers also give valucs of this order.* 


CONCLUSION. 


The following are the principal points dealt with in this paper :— 

I. The authors demonstrate that by applying the novel device of a 
thin potential sheath in close proximity to the outside of a tube of 
resistance alloy such as manganin, standard resistances of low value 
and up to any current capacity can be constructed whose effective 
self-induction is as low as 2 cms. or 3 cms. (two or three thousandths 
of a microhenry). 

2. By cooling these standards with a stream of water flowing 
through the tube (as in the well-known type of “ water-tube” 
resistance) a current density of 16,000 amperes per square inch 
may be attained, and upwards of 10 k.w. with 3,000 amperes be 
dissipated in a 1} in. tube 18 in. long, without undue heating. The 
capability of the resistances to dissipate energy is thus some 300 times 
greater than that of standards which merely depend on natural air 
cooling. 

3. The standards actually constructed have values 0704, 0°02, ОЗІ, 
0:002, о'оог ohm, with capacities of 115, 260, 450, 1,300 and 2,550 
amperes respectively. These current values are attained with a total 
change of resistance due to heating of not more than 2 parts Іп 10,000 
from no load to full load. 1 

4. The values of the resistances are not affected by so much as 
I part in 10,000 by “skin effect" at ordinary frequencies. Тһе con- 
ductivity of the ordinary tap water used for cooling does not change 
their values. 

5. Comparisons with other apparatus of a similar nature show that 
these tubes have such very great advantages for laboratory purposes 
that in the authors' opinion the inconvenience of having to connect 


* See also "The Use of Shunts and Transformers with  Alternate-current 
Measuring Instruments," by C. V. Drvsdale, Philusophical Magazine, vol. 16, p. 136, 
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up the standards to a water supply for cooling purposes is of very 
small importance. 


In connection with the work on these standards, we desire to 
acknowledge the obligations we are under to Dr. К. Т. Glazcbrook, 
Director of the National Physical Laboratory. We wish to express 
our indebtedness to Mr. A. Campbell and Dr. A. Russell for their 
ready counsel and advice. Our thanks are also due to Mr. S. W. 
- Melsom for help with the resistance measurements and to Мг. A. 
Kinnes for assistance іп many of the calculations, 
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Proceedings of the Four Hundred and Eighty-Sixth 
Ordinary General Meeting of the Institution. of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 


Street, Westminster, 


on Thursday evening, 


January 14, 1909—Mr. C. P. Sparks, Vice- 


President, in the chair. 


The minutes of the Ordinary General Meeting held on December 
17, 1908, were taken as read and confirmed, 


The list of candidates for election into the Institution was taken as 
read, and it was ordered that it should be suspended in the Library. 


Dr. H. Borns and Mr. W. H. Molesworth were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
‚ meeting, the following were declared to have been duly elected :— 


ELECTIONS. 


As Member. 
Frank Bourne. 


As Associate Members. 


Frederick Carleton Anderson. 

Herbert Kamerer Benson. 

Alfred Bott. 

Alfred George Collis. 

Samuel Hunter Cowan, Capt., 
К.Е. 

Ernest Edgar Daglish. 

Alexander Elliott Davidson, 
Lieut., R.E. 

William Arthur Gilbert. 

VoL. 42. 81 


Carl Lotherington Glen-Bott. 
Norman Harrison. 

Alfred Hubert Horsfield. 
Arthur Harold Nicholson. 
Sidney Louis Rhys Price. 
William Henry Shaw. 
Edward Alan Shrimpton. 
Charles Hubert Smith. 
Sebert Walter Spendlove. 
Joseph William Sutton, 
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As Associates. 


Maurice Mayhew Bear. | James Hunter, Capt. 
James Olden Hatcher, Com., R.N. 


Donations to the Library were announced as having been reccived 
since the last meeting from Dr. H. Borns, Messrs. Gauthier-Villars, 
Messrs. Scott Greenwood & Co., E. Guarini, A. H. Jackson, Major 
W. A. J. O'Meara, G.M.G., Physikalische Technische Reichsanstalt ; to 
the Building Fund from Major P. Cardew, R. A. Dawbarn, S. E. Glen- 
denning, R. Hardy, H. E. Harrison, D. Henriques, H. Hirst, Admiral 
Sir H. B. Jackson, J. T. Morris, F. H. Nicholson, S. R. Roget, J. H. 
Rosenthal, М. Solomon, Sir Joseph Swan, Т. С. Т. Walrond, H. М. 
Young ; and to the Benevolent Fund from О. Н. Bishop, Ivon Braby, 
С. B. Byng, A. Denny, W. Duddell, К. Hedges, Н. Hirst, 5. Н. Holden, 
C. de M. Malan, C. H. Merz, F. H. Nicholson, F. C. W. Rogers, S. G.C. 
Russell, Е. Smith, C. P. Sparks, А. А. С. Swinton, Е. J. Thompson, 
T. C. T. Walrond, and C. H. Wordingham, to whom the thanks of the 
meeting were duly accorded. 


The CHAIRMAN: I have some important announcements to make. 
During the past year we have lost two Honorary Members, Lord 
Kelvin and Mr. Mascart, and under the powers vested in them the 
Council have now added two other names to the list by electing as 
Honorary Members of the Institution Mr. Oliver Heaviside, F.R.S, 
and the Hon. Charles Parsons, C.B., F.R.S. 

I have also to inform you that Professor A. Schwartz, Member of 
Council, has tendered his resignation as a Member of Council. 

A paper (sec page 473) by Mr. Stanley Clegg, entitled “Тһе ‘С.В. 
Svstem from a Tramway Manager's Point of View," was read and 
discussed. 

The mceting adjourned at 9.35 p.m. 
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THE “С.В.” SYSTEM FROM A TRAMWAY 
MANAGER'S POINT OF VIEW. 


By STANLEY CLEGG, Member. 


(Paper received from the LEEDS LOCAL SECTION, October 23, 1908, read in 
London оп Fanuary 14, and at Leeds on Fanuary 27, 1909.) 


In view of the increased attention which has been given to tram- 
ways, actuated by other than the overhead system, during recent years, 
owing to objections to the installation of the latter system being raised 
by various authorities, it seems to the author that a résumé of his 
experience with the “С.В.” surface contact system, which has been іп 
service at Lincoln during the past three years, may be of interest 
to members of the Institution. 

At the outset it should be stated that when the question of electric 
tramways first came before the Council in practical form, it was not 
the author's intention to recommend any system but the overhead, on 
the grounds that its costs, both of installation and working, were 
thoroughly known, and that, generally speaking, it was the cheapest 
and most reliable system extant. | 

The Tramways Committee, however, were of opinion that the 
overhead wires would spoil the appearance of the cathedral city’s 
streets, and were prepared to pay something to avoid this eventuality. 
They had been notified by the commercial agents of some of the 
surface contact systems, of the great advantages of their particular 
systems, and the author was instructed to report to them on the 
subject, with a view to a recommendation. | 

At that time the only surface contact system installed їп this 
country, and running under ordinary service conditions, was the 
Lorain at Wolverhampton, of the satisfactory performance of which, 
during its first year's working, electrical engineers were more or less 
conversant. The author inspected this through the courtesy of Mr. 
Shawfield, together with an experimental length of line which the 
“С.В.” Surface Contact Company had laid down at Ilford, and which 
they had had running, for testing purposes, some eighteen months, 
with the result that he reported to his Committee that, chiefly on the 
grounds of capital cost and the desire to avoid a stud, which for its 
working had to be raised above the level of the surrounding roadway, 
he preferred the “ С.В.” system, if some arrangement could be arrived 
at with the Company, to safeguard the Corporation in the event of any 
serious disadvantage being brought to light by actual service condi- 


474 CLEGG: THE “С.В.” SYSTEM FROM A [Jan. 14th, 


tions, and which the tests to which the author applied the experimental 
length had not foreshadowcd. 

After several meetings with representatives of the Company, an 
agreement was signed, containing, among other things, the following 
conditions :— 

I. That the working of the “С.В.” system, as installed at Lincoln, 
should be in every way efficient and satisfactory during the twelve 
months covered by the agreement, and that the Corporation should 
have the advantage, free of cost, of any improvements or additions 
that might be found necessary or advisable during this period. 

2. That it should also fulfil the following special requirements : 
(a) That the system should receive the necessary certificates from the 
Board of Trade, enabling it to be run continuously for public traffic. 
(b) That the collectors on the cars should be of such type as to allow 
the cars to be run up to a rate of 16 miles an hour without undue 
sparking, the steadiness of the car lighting to be the criterion. (c) That 
the electrical energy necessary for exciting the magnets of the “С.В.” 
collecting apparatus on the cars should not exceed 480 watt-hours per 
hour per car, and that the total consumption per car-mile should not 
exceed 1:3375 units as measured by the wattmeters on the switchboard 
at the electricity works. (d) That not more than 18 studs in any 
year, for a period of ten years, should become charged with electricity 
at such time as when not in use for supplying energy to a passing car, 
and should remain undetected by the car that has caused them to 
become so charged. (e) That the cost of maintenance of the special 
apparatus peculiar to the “ С.В.” system in efficient working order and 
repair should not exceed an average of £30 per mile of track per 
annum during a period of ten years. 

It was agreed that the above special requirements should not 
exclude any other deficiencies or defects likely to cause the system to 
be unsatisfactory, which might be brought to light during the twelve 
months. 

In the event of the system failing to satisfy the Corporation on 
the above points, or proving unsatisfactory for any other reason, the 
Corporation to have the right to retain the amount in the tender repre- 
senting the cost of the “С.В.” equipment, which monies might be used 
for installing the overhead, or such other system as might seem to be 
desirable. | 

The system was installed, and the whole of the work completed 
ready for running, between July 1st and the middle of November, 1905, 
and after inspection by the Board of Trade, was opened for service on 
November 23rd. 

The following is a brief description of the “G.B.” surface contact 
system, The cable A, through which the current is transmitted from 
the power house, consists of galvanised iron wires stranded together on 
a jute core, over which are threaded galvanised steel sleeves A,, which 
make a smooth face for the carbon contacts to bed on when required. 
Access boxes are placed at intervals along the track, through which the 
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cable can be drawn for inspection ; the lids are paved in with granite 
setts or wood blocks in the usual way. Two sections of conduit enter 
the box on opposite sides, and the two cable ends are connected to 
each other or to feeder connections, as required, by means of flexible 
cable connectors. Drainage connections are provided from the bottoms 
of those access boxes, which are situated at the lowest points of the 
track. 

The conduit C, in which the cable is carried, consists of sections of 
ordinary glazed vitrified 5-in. stoneware pipe. A special bituminous 
joint is used to connect the separate sections, and a tee-piece B, also in 
stoneware, is cemented on to a special section where a stud is required. 
The conduit is completely embedded in concrete. The total depth of 
excavation necessary does not exceed 18 in. The arch and invert, 
formed by the concrete above and underneath the pipe, make together 
a structure which is stronger than the ordinary 6-in. paving base. 

The insulators D, which carry the cable, are of the roller pattern. 
The creeping surface 1s long and of constricted cross-section, Providing 
a high insulation resistance. 

The galvanised steel pins E, on which the insulators are mounted, 
pass through the conduit on one side, through the hole in the centre of 
the insulator, and into a stopped hole on the opposite side of the 
conduit. The ends of the pins which project through the conduit are 
connected together by means of a galvanised iron strip F, which is 
connected at intervals to the rails. This device guarantees that no stud 
can ever become “live ” in consequence of leakage over the insulating 
surface separating the source of supply from the stud. This immunity 
from a defect which has been a source of trouble in many surface 
contact systems results from the fact that any current leaking from the 
source of supply is bound to pass into the metal pin on which the insu- 
lator is mounted, and thence through the connection to the rails, thus 
completely shielding the stud from leakage currents. 

The studs have cast-iron heads G, the top surfaces of which are 
level with the rest of the paving. They measure 24 in. X 10 in., and 
are supported by granite blocks G, recessed to receive them. The 
joint between the vertical portion of the stud H and the upright stonc- 
ware B, into which it passes, is made by filling in the interspace between 
them with bitumen supported on a packing of jute yarn С. Bitumen 
is also run in round the stud heads, filling any spaces between the 
granite blocks and the stud. 

The vertical part of the stud H, which projects downwards into the 
upright piece of pipe, is forked at the lower end and lined with brass I. 
Within the fork is mounted a moving part; this consists of a picce of 
enamelled iron] suspended freely by means of an insulated coppered 
steel spring K from the top of the fork. Its movement is limited bya 
brass pin L, which passes through a slot and is riveted into the jaws 
of the fork. From the lower end of the moving-piece two horns M 
project outwards, supporting a copper clip M, to hold a carbon 
contact block. Flexible copper leads O connect the moving part with 
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the main portion of the stud. When the magnet carried by a car 
passes over the stud, the moving-piece J is magnetically attracted 
towards the cable against the pull of the spring K, so that the carbon 
block N is in contact with the cable A, and current passes from the 
cable through the carbon N and flexible copper connections O to 
the stud head G, where it is collected by the car. The horns M on the 
moving-piece J, which rises rapidly after the influence of the magnet 15 
withdrawn, strike the copper clip M a smart blow in any case where a 
slight adhesion has taken place between the carbon contact and the 
cable, due to the passage of current. This blow is found to break 
down the adhesions that occur in practice. The cross-section in the 
Fig. shows the respective positions of M and M, at the moment when 
the blow is administered. 

The magnet P is suspended rigidly from the car. The coils and the 
battery are connected so that when the motors are taking current, 
their current, when small, assists the battery in exciting the magnet, 
and when large also re-charges the battery, as can be gathered from 
the diagram of connections. In this way very little special charging is 
necessary, as the batteries are discharging and charging alternately 
while in service. 

The collector consists of a chain of iron links Q pinched on a wire 
rope R, fixed at each end and spring suspended within one pole of the 
magnet, the bottom face of which moves over the stud head. Its 
method of operation is as follows: When the pole of the magnet P 
passes over a stud head, the magnetic attraction causes the links Q to 
move down and make contact with it ; as each link reaches the end of 
a stud, it is drawn up out of contact with the road by the spring. If a 
stud be left “live” due to any fault of the switching mechanism, a safety 
brush S, carried by the car, will cause an automatic cut-out T to open 
and disconnect the motor circuit of the car. 

Through the kindness of the “С.В.” Surface Contact Company, 
a drawing (Fig. 1) of the principal working parts is reproduced in this 
paper, and they also are loaning detail samples of the whole of the 
necessary equipment, so that members may be able to follow the author 
in referring to any special parts. | 

He will, therefore, confine himself to describing the manner іп 
which the system conformed to the agreed conditions during the 
twelve months, and his experience of it since. 

Taking the former seriatim :— 

As Clause 1 of the guarantees concerns the general efficiency and 
satisfactory running of the “С.В.” as a system, it may be left till after 
the other specific guarantees have been dealt with. 

Clause 2: (a) The Corporation received from the Board of Trade 
a permit to run for twelve months on December 1, 1905, and this was 
renewed without any comment on October ro, 1906, and each succeed- 
ing year since ; in fact, the Board of Trade has sent no communication 
of any sort by way of criticism or advice since the system opened. 

(6) Speaking generally, the system conformed satisfactorily to the 
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requirements of this clause at all points on the line, with the exception 
of the cross-overs and junctions of single and double line ; owing to 
the vagaries of radial trucks, cars cannot always at those points be 
guaranteed to remain in such a position that the collector chain will 
make contact with the studs. 

It should be stated here, by way of explanation, that in order to 
prevent short circuits taking place, owing to the chains touching the 
cross-rails at the time they are in contact with the adjacent studs, the 
studs on each side of each cross-rail are split into two halves in their 
vertical length, which halves are bridged by a resistance, capable of 
passing a maximum of 40 amperes, thus nullifying the strain that would 
otherwise be put on the circuit breakers and generators at the station. 

The resistance studs themselves have acted very efficiently, as 
during the whole of the three years only about half a dozen replace- 
ments have been necessary, through failure or breakage of the insulation, 
between the two halves of the stud. "The bridging resistances, how- 
ever, which were placed in chambers at the side of the rails, adjacent 
to the above studs, caused trouble during the first fifteen months, 
owing to the fact that they were not made entirely watertight, and 
therefore sooner or later went to carth. On this being brought to the 
notice of the “С.В.” Company, they remedied this defect, with the 
result that they have given no further trouble. 

The collection generally by the car chains from the studs is steady, 
and without noticeable spitting, so long as the weather is of a uniform 
character—that is, continuously wet or fine. Owing, however, to the 
fact that, for the sake of flexibility, the galvanised iron-wire rope, on 
which the chain links are threaded, has to be fitted with a rope core, 
at times of change from dry weather to wet, some difficulty is ex- 
perienced through the chain gradually tightening up, with a resultant 
spitting. 

At the suggestion of the President of the Institution, who recently 
visited these tramways, the author is proposing, when next making up 
any chains, to have the lengths of galvanised iron wire boiled in paraffin 
wax, or linseed oil, in order, if possible, to make the cores non- 
absorbent. | 

(с) When designing the actual electromagnets on our car collection 
equipments, the company found that they could reduce the excitation 
watts from the 480 specified in the agreement to 260, which has since 
been reduced, in practice, to 210. 

During the first year the cars ran a total of 135,144 car-miles, the 
total clectricity taken, exclusive of shed lighting, but inclusive of car 
lighting, being 164,739 units, giving an average of 17219 units per car- 
mile run, or a saving of 071185 units рег car-mile on the figures 
guaranteed by the Company. It should be said in explanation that the 
figure 1°337, included in the conditions as the maximum, was agreed to 
be a liberal figure, as the company naturally could not be expected 
to hold themselves liable either for unnecessary loss in feeders and 
distribution nor for the possibilities of bad driving. 
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The consumption was to be taken by meters fixed on the switch- 
board at the electricity works, and therefore covered all special losses 
by leakage or otherwise which might be peculiar to the “С.В.” 
system. 

During the last eighteen months the consumption figures per car- 
mile have been gradually reduced, and for the year ending March, 
1908, were 1°108 ; this saving, however, is not, in the author's opinion, 
due to elimination of any leakages on the electrical side, but more to 
freer running of the cars and gradual improvement on the part of our 
drivers, who, at the opening of the line, were taken over from the old 
horse tramway company. 

The line leakage figures during the whole of the time thc tramways 
have been running have been very constant, and have not averaged 
more than 0°25 amperes for the 3 miles of track ; the highest ordinary 
figures have been recorded during the winter-time on Monday mornings, : 
after the line has stood uncharged during the week-end, when the 
ammeter has sometimes shown o'6 to 0°75 amperes ; this, however, has 
rapidly fallen, as the test taken at breakfast-time, two hours later, has 
generally shown not more than 0°35 amperes, falling to the normal 
average by night. The lowest figures have been recorded during the 
summer-time at the end of the day's run, when the leakage has often 
been as low as о"05 of an ampere. 

(d) It will be noticed that in this clause of the agreement the 
possibility of studs becoming alive through gradual deterioration while 
they were not being used for supplying energy to the cars was provided 
for, the principal reason being that at that time the Lincoln Tramways 
Committee rather distrusted the springs, on which the whole responsi- 
bility rests of deadening the studs when the car has passed. This fear 
has turned out to be absolutely groundless, as, during the whole of the 
time the system has been running, there has never been a live stud 
which has come under this clause ; that is to say, that every stud that 
has remained alive after it has ceased to feed the motors has been 
notified by the detector brushes on the car and immediately dealt with, 
without any inconvenience either to the working of the tramways or to 
the public. 

The author proposes to deal further with the question of stud 
replacements under the head of maintenance. 

There is another kind of temporarily live stud—one which has 
apparently given considerable trouble on the Bow Road tramway of the 
London County Council—and by this the author refers to a stud which 
remains alive long enough to be notified by the detector brushes, but 
which, by the time the car has been reversed and the detector brush 
again brought over it, has gone dead. 

The causes of the defects in studs of this type arc various, among 
which may be listed :— 


(a) Weak spring. 
(6) Stud set too near live cable. 
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(c) Sticky switch-piece, owing to the presence of a small amount 
of pitch or other adhesive substance between the slide and 
the, switch-piece. 

(d) Arcing between the carbon and the cable, at points where the 
galvanising has been badly applied, with the result that the 
surface is uneven. It will be noticed from the analysis that 
in some cases this latter has caused a permanent live stud. 

(e) Leakage over the surface of the road, between the stud and 
the rails, owing to the presence of some exceedingly good 
conducting medium. 


The only time that the author has been at all troubled with studs 
coming under the heading (е) was during the severe snowstorm early 
in January, 1907, when salt was used, without orders, by the roadmen 
for the purpose of melting the snow. 

Below is given analyses of the live studs during the period of the 
agreement and at other intervals, showing the effect produced by the 
different improvements, which, as mentioned later in the paper, have 
been made from time to time. | 

A number of sluggish studs occurred at different places during the 
first week in January, 1907, owing to the track having been salted, 
which, as they soon ceased to give trouble, were not specially 
recorded. 

Dealing first with the analysis No. 2, covering the live studs during 
the first twelve months, which has been recorded second in order to 
show clearly the improvement which was effected after November 8, 
1906, when the flexibles of the studs had been coated with preservative 
compound, it will be noticed that during the twelve months there was 
a total of 71 live studs, of which two causes were responsible for 49— 
viz., broken flexes 25 studs, and carbons burnt away on one side 24. 

Dealing with the former :— 

Broken Flexibles.—Varly in the year a number of live studs were 
notified, which, when taken up, were found to have the flexibles broken 
and either the spring burnt through or sufficiently elongated, due to 
heat generated by the passage of the current, to allow the carbon to be 
in contact with the cable. In the first case, when the spring had 
actually parted, it was due to arcing, caused by the current jumping 
from the broken flexible into the spring, and so out to the head of the 
stud and the cars. Where the spring had only elongated there had evi- 
dently been better contact established between itself and the flexibles. 

At first it was difficult to say what was the reason for the flexibles 
breaking, as the cross-section was amply sufficient to carry much more 
than the maximum amount of current required by the cars, except onthe 
ground that the bonds which connected the flexibles into the body of 
the stud had worked loose. Later studs, however, revealed the fact 
that the small copper wires of which the flexibles were composed were 
being gradually converted into copper carbonate and hydrate. The 
“С.В. Company investigated the matter, and found that this action 


481 


TRAMWAY MANAGER'S POINT OF VIEW, 


1909. ] 


i = 
1910], 
| 
| 
| 
| бог! 1 
TT ^] 
| 
| ot = 
| 
| " | | 
| 
| 17 — 
| 
| 
' 
(OS “ee 
| 
ЕЕЕ 
‚од, рәјеоз 
-291 


xa | 
25007] | 


“” 


*uoqiry 
uo 
| msg 


i 


зал16 AAMI dO SISVIVNY 


| | 
I | t 9 I ЕН с | c | 2 t *** 9061 “20 01 ‘9061 'tz "дә 
B =a Sess 25” коше . aa Е 
"pea | ‘эээ | В ‘PIs UO, 
ае: "uoqie) , Зарб жаш. зиме | UOUED | rhe: 791487 uo ska 
yung uoiajsug | AEM uaxoJg ns | 3800" _ подле MOT 1285 
Жалы HSIDONIS dO SISNIVNY 
` | Sis : қ .. | 
I с £ t1 RI т ct OR ог Ұс КЕЗ 
= р URN =. ы Be aie, eoe = "c E 
ER = | ЖЕР : z "T i *«6e99928060*9**008002* 9609 бй | 
= d Ug 5 9 | ‘ТЕ ‘uel о} ‘gobr ‘Z 442$ | S 
| ' | ““(рә)2Чшоэ som 21902 
| à | 2%4-лән әу) Jo uono] 
/ с ЖЕР кы 
! l D Ө 7 | : ! P Eust 21] uam) gobi 
| £-ydag 01'Zoór ‘tz Suy | > 
E (p. ]UJSUu1 23420 SUOGADI 
-- 1 — Е t | sed Ee £c — $ ‚паи ayy usos) LOOT ' о 
(‘tz-Bny ој “/об1 ‘сі ‘чә | £ 
| “з (22090 popao»24 
| урн 2211] 94) зорпр 
— — — - O 1 c tz ec Z HIP piya чиэшәэлўр | 
£ poi т) Lo6Or , 
‘ZI чәя оз '9go6r “Fz q^ c 
А l ее ... a | (punod | 
-шо> 9и1)51524-590 юр 
-- -- — - 80101400201 Ш cc Z (unm pIo? 212a. 5219 
Е | '|-зхәу pujs ay} uym) 
| 90601 ‘g ‘AON 03 tz qoM | т 
paupe Али. t | 
: QE “ре б, " 'uaqoig "apis ) 'soxo[ има | 
uon ma T paned әэма 244 | “чото uo uaxoJgp ипе ard 2м 
msu мот asway  SPUEDS Им ое 25007] злая pur до ON 
Up YN 428 uo ае. оде? AXONS | -nsu[ , Чочи у 250071 uaxo4g 


482 CLEGG: THE “С.В.” SYSTEM FROM А [Jan. 14th, 


was produced by coal gas percolating into the conduit and acting upon 
the copper flexibles. 

Before the studs were put in the flexibles had been coated with 
vaseline, but as this was evidently proving an insufficient safeguard, 
the “С.В.” Company approached the Committee in the month of July, 
1906, asking that they might take up all the studs in order to coat the 
flexibles with a fresh compound, which they could guarantee to be 
proof against the action of gas. The Committee gave their consent, 
and the work was completed on the main portion of the track by the 
end of September or the beginning of October, and on consulting 
the schedule the improvement will be at once scen, in that we 
have not had a live stud due to the same cause since November 8, 1906. 

At the same time that these faulty flexibles were found notice was 
given to the Gas Committee of the presence of gas in our conduit, and 
on examining their mains, which run for a distance parallel with our 
track, they found a number of leaky joints, which they recaulked, with 
the result that further tests showed the conduit to be clear. 

A Root's blower was installed, when the track was opened, at the 
car shed, and it is the practice to ventilate the conduits for at least half 
an hour a day before the cars go out, ventilating outlets being placed 
at three points on the line. On Monday mornings, however, after 
having stood for the week end, the period of ventilation is doubled. 
The pressure capable of being given by the blower is 15} in. water, 
but the author considers this really too high, as it is liable, as has 
already happened in his case, to find the weak joints in the conduit, 
through which, when ventilating, the air escapes, and equallv through 
which gas, should there be any in the neighbourhood, could afterwards 
enter. А small initial pressure, therefore, say not more than 6 in. water, 
should be quite sufficient to cause a current of air through the Lincoln 
length of line, of 14 miles route, with 3 miles of conduit. 

Carbon Burnt on One Side.—It will be realised that this type of live 
stud was due entirely to constructional defects—namely, that during 
laying certain of the tee-pieces were not set absolutely vertical, or before 
the surrounding cement had had time to set they were pushed over by 
being trodden on or knocked. The shape of the carbon which was 
first installed made no provision for such an eventuality, but on the 
fault revealing itself a new shape of carbon was brought out which 
was later installed throughout the line. Members on examining the 
two types of carbons will be able to appreciate that with the present 
type of carbon, even though the tee-piece may be slightly out of the 
vertical, the full natural life of the carbon will still be available. 

The new carbon was also made slightly thicker than the old one, 
with a view to further increasing the life. 

The new carbons were laid throughout the track between the 
beginning of August and early September, 1907. 

It will be seen on consulting the analyses of live studs that studs 
of this type grew increasingly numerous. However, towards the end 
of August, when the greater number of the studs had been re-carboned, 
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trouble from this cause entirely ceased, and up to the writing of this 
paper there has been no recrudescence. 

The author makes further mention of this replacement when dealing 
with maintenance. 

Broken Springs.—Of the 7 studs listed under the head of broken or 
faulty springs one was due, not to the breaking of the spring, but to the 
fact that the hook at the bottom, which holds up the moving armature 
ог switch-piece of the stud operating the carbon contact, was not 
sufficiently cupped, the consequence being that through continuous 
working the switch-piece slipped off. 

The failure of the remaining six springs was due in every case to 
the same reason, viz., that when the workmen were forming the hook 
of the springs in some cases pliers with sharp edges were used and the 
wire was slightly nicked, and the subsequent working of the stud 
eventually caused this weakened part of the spring to give way. 

Of the remaining causes for live studs the 9 recorded under the 
head of moving parts of stud sticking should really have been included 
with the sluggish studs, as they nearly always went dead on the stud 
head being tapped with a hammer, thus showing that the stud was not 
working freely of itself, but that, nevertheless, there was nothing radi- 
cally wrong with its working parts ; sometimes, however, their tem- 
porary liveness was only a preliminary indication that if they were not 
attended to they would shortly be permanently alive, as their symptoms, 
notably under the class of carbons burnt away on one side, were the 
same as those of permanent live studs. 

The live studs recorded under the head of loose carbons, which it 
will be seen numbered 5 during the period of the agreement, but 
rapidly increased as time went on, were really an indication of the fact 
that the narrow carbons first installed were approaching the end of 
their life, as it was not until they were nearly worn through that they 
commenced to come loose. In support of this it will be seen that 
since the date of the renewal of the carbons there have only been two 
instances, and these were found to be due to faulty fixing. 

It will.be noticed, not without surprise, that amongst the various 
classes of live studs there are no headings for studs becoming alive 
due to carbonising, as it is called, or leakage from the live cable to the 
stud. There has not, as a matter of fact, been a single case of this, 
the most frequent cause of trouble on surface contact systems. The 
author regards this as a fortunate circumstance, as live studs of that 
class are very difficult to locate by any apparatus carried on the cars. 

There is only one further class of live stud in the later analyses 
which calls for mention, and that is, those alive under the head of 
cable strands parted. The type of cable originally installed on the 
Lincoln tramways consisted of a galvanised iron stranded cable with 
a thick rope core, the total diameter being 13 in., having a conductivity 
equal to about oo B.W.G. trolley wire. There were two layers of wires, 
of which the gauge of the lower was 15 B.W.G. and of the upper, or 
surface layer, 8 B.W.G. 
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Service conditions of a few months revealed the fact that this type 
of cable was entirely unsuited to its duty, as six months' wear in some 
cases cut deep grooves into the upper strands, with the consequence 
that the cables had to be moved about every three months in order to 
give new places for the carbons to make contact, and even then, after 
fifteen months’ use, in some places the strands were so far burnt 
through that they snapped when moving; the result was, either a 
live stud at the time, of which the first was recorded on March 11, 
1907, with increasing numbers as time went on, or when later the 
cable was moved, the strands buckled up round the first insulator they 
came in contact with, and the cable became jammed in the conduit. 

Though up to the termination of the agreement no studs had 
actually been recorded as alive from this cause, there was great 
wastage of the cable, and consequently of the carbons, for the corru- 
gated formation of the stranded cable was most inimical to their life, 
particularly having regard to the fact that the cable continually had to 
be moved to give the carbons a fresh bearing-place. On this account 
the author raised the question in his report, under the head of clause 
(е) of the agreement, by which the Company guaranteed that for 
a period of ten years the costs for the upkeep of the clectrical equip- 
ment of the track, exclusive of all repairs which are properly chargeable 
to the track itself, shall not average more than £30 per mile of single 
track per annum, or, as there are 3 miles of single track, not more than 
a total of {90 per annum. 

The total expenditure during the first twelve months under the 
heading of electrical equipment was £26, of which £16 was incurred 
in such items as replacing faulty studs, pumping out conduit drain 
sumps, attending to access boxes, etc. and the remaining £10 т 
periodically moving the “G.B.” cables. 

It will thus be seen that, as far as actual expenditure went, the 
system had so far come amply within the limits imposed. As stated 
before, however, the author realised that the life of the “С.В.” gal- 
vanised iron cable, and also of the carbons, was half run, and that 
therefore, taking these facts into considcration, the real expenses would 
be very largely in excess of the £30 per mile of single track guaranteed. 

The Company themselves quite realised the position, and indeed had 
been already experimenting with a new type of cable; they therefore 
accepted the recommendation which the author made to his Committee, 
viz., that the “С.В.” system as applied to the tramways should not be 
taken over except on condition that: (a) A new type of cable be sup- 
plied and laid free from the defects which had shown themselves in 
the original one. (6) That they supply and fix new carbon contacts of 
such shape and thickness as to overcome the difficulty experienced with 
non-vertical tee-pieces, and also to give a longer life. 

About this time, with the author's consent, the “С.В.” Company 
installed a length of new cable in one of the passing loops, made up 
as follows :— 

The body of the cable consisted of a gilvanised iron stranded wire, 
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44104 in. wound on toarope core ; the overall diameter was reduced, 
however, by 1 in. to allow for the original diameter being made up by 
afterwards threading on solid drawn galvanised steel tube; for con- 
venience, this latter was put on in lengths of 6 in., which also’ pre- 
served to the cable the necessary amount of flexibility. 

. As the sleeving could not be taken into account when calculating 
the conductivity of the cable, a number of strands of tinned copper 
wire, according to the conductivity required on different sections of 
the line, were laid under the galvanised iron wires. 

This form of cable was adopted on the grounds that if by wear or 
bad shorting a hole were burnt through the sleeving, no inconvenience 
whatever would result, as the cable could at any time be moved, or the 
sleeve turned slightly round, to givea new bearing. Further, the smooth 
surface of the sleeves would considerably extend the life of the carbons 
by obviating the scoring which had previously taken place on the 
stranded cable; also the life of the cable itself would be prolonged 
almost indefinitely, as new sleeves could be threaded on at such time 
as the original ones had ceased to be of service. 

The behaviour of this cable was carefully watched during the next 
six months, and orders were then given for the manufacture of the 
necessary amount, of the same type, for the whole of the linc. 

The author had naturally desired to withhold the changing of the 
carbons, of which mention has previously been made, until such time 
as the new cable was installed ; but, as the number of live studs during 
the summer had been rapidly increasing, the examination of which 
revealed the fact that very little more of their life was left, it was 
eventually decided to replace the carbons during the month of August, 
1907. 

The first lengths of the new cable were delivered in the following 
November, and the replacement commenced on November 29th ; but, 
owing to the fact that a large portion of the work could only be done 
during the week-ends, it was not completed till the beginning of August, 
1908. : | 

In the same month the trial length of this cable was withdrawn, 
having bcen in one position since its installation in February, 1907 ; in 
two or three places the carbons had burnt through the sleeves, but 
without doing any damage to the internal strands. 

It may therefore be said that with the Lincoln service, say, averaging 
7 minutes, it would not be necessary to move the cables more than 
once every I2 to r5 months; and, as on each length 4 ft. 6 in. is 
allowed as clear space, moving 3 in. at a time would give the slceves a 
life of 14 years. This, in the author's opinion, could easily be doubled 
to make up for the extra wear of a 2 or 3 minutes' service, as it should 
be perfectly easy to give the cable a half-turn, and to get at least two 
bearing-places on the same circumference. 

If the above were not easy to effect in practice the same extension 
of life would be produced by taking off ferrules at one end of the cable 
‘to the extent of д ft. 6 in. and threading new ones on at the other end, 
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which would allow for the other half of the о ft. space between studs 
being made use of for the periodical 3 in. movings of the cable. 

Another item of construction on the track which calls for mention 
is thé stud heads. Those which were installed at the beginning, and 
which are still in use, are plain cast iron ; though they have stood the 
traffic very well, they are now slightly hollowed out in the middle, and 
it has recently been necessary to go through the track packing them 
up. ‘This operation should make them last for at least another eighteen 
months or two years, making their total life five years. Taking into 
account, therefore, their scrap value, the cost of their renewal per 
annum would not be a great item, as it would probably fall con- 
currently with the renewal of the carbons. 

Despite the fact that over a portion of the line there is a large 
amount of steam lorry and other heavy trafhc, the number of stud 
heads which have been broken have not amounted during the three 
years to more than three dozen, and if steel heads were used wherever 
there was most traffic their breaking would be entirely avoided. 

Referring again to the question of live stud replacements: at Lin- 
coln, owing to the fact that the present length of route is only 13 miles, 
this operation is very easy, and, taking an average position on the line, 
no more than half an hour need elapse between the notification of 
a live stud by the car detector and its complete replacement. Two to 
three minutes only is required to take the stud up after the arrival 
of the linesman. 

Every car carries a tripod and lamp, which, in the event of a stud 
being notified, is placed over it in the road until such time as the lines- 
man arrives; meanwhile, the conductor of each succeeding car re- 
moves it and replaces it, so that no inconvenience whatever is caused 
to the service, especially seeing that during this last few months, since 
which time the new cable has been installed throughout the track, live 
studs have not averaged more than about one a month. 

Turning now to the special equipment required for the cars, no 
serious difficulty has been experienced in handling them. It is found 
that the cells, which are used for exciting the magnets at times of 
starting and stopping, have to be removed from the cars once every 
six months for cleaning out their deposit, and that now and then they 
have to be charged in position, owing to the too zealous manner in 
which our drivers are. inclined to economise in current consump- 
tion. The expenditure, however, on upkeep has been exceedingly 
small. 

There have been a few failures of the insulation of the bobbins, 
but these the author considers were due to defective workmanship, in 
that they could not have been sufficiently carefully insulated for the 
varying electrical strains they have to stand, as none of those that have 
been re-wound have again failed. 

It has been found necessary, on account of the amount of scrap 
iron—of which ladies' hairpins form a not inconsiderable portion— 
to be found along the route on which the tramway runs, to carefully 
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cover, as far as possible, the iron parts of the collector. The most 
satisfactory way of doing this has been to case them in wood, the space 
between which and the metal is afterwards run in with pitch. 

The type of collector chain which we are using has given great 
satisfaction, as over 20,000 car-miles is obtained from the cast-iron links 
which form the units of the chain, and from 8,000 to 10,000 miles as 
an average life of the galvanised iron-wire rope on which they are 
threaded. 

It will no doubt be interesting to state that, as far as the equipment 
of the cars is concerned, it has been found necessary to amend nothing 
save the collector chain, which at first was built up of a number of 
triangular links hinged on one another at their bases, which were held 
up throughout their length by springs only, the current having to 
traverse half the chain links each way before it could get to the 
magnets, and so to the motors. The first few days, however, revealed 
the fact that dirt and grit on the road very soon destroyed the con- 
ductivity between the separatelinks. The current then started jumping 
through the springs to the magnet frame; the former were melted out, 
and the chain, buckling up at the back of the car, broke adrift. The 
galvanised iron wire suspension superseded this arrangement, and has 
continued to the present. 

Having dealt with the special points of the "G.B." system, the 
author proposes to contrast it with the overhead system, and in doing 
so would first outline the essentials of a model tramway system, among 
which should be listed :— 


(a) Low capital cost. 

(b Low maintenance cost. 
(с) Reliability. 

(d) Safety to the public. 

(e) Silent running. 

(7) Sightliness. 


Low Capilal Cost.—It must at once be admitted that the “С.В.” 
system is not as cheap to instal as the overhead; but in those 
towns where there is objection, on zesthetic reasons, to the overhead 
wires, it does not seem that то per cent. on the cost—the amount 
by which the “С.В.” system exceeds the cost of the overhead—is 
a large amount to pay, particularly having regard to the fact that by 
so doing the last desideratum mentioned—viz., that of sightliness—is 
at once obtained; for, however ardent supporters of the overhead 
system may be, they must agree that the poles in the road and foot- 
walks are not only most unsightly, but that they are taking up 
useful space, and, in the case of centre polcs, are a danger to the 
traffic. 

Low Maintenance Cost.—The Lincoln tramways compare very favour- 
ably in their maintenance costs with those on the overhead system. 
For the first complete twelve months’ working—viz., up to March 31, 
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1907—the total working costs were 6:698d. per car-mile, made up аз 
follows :— 


Traffic expenses — ... vis ке ... 27512 
Repairs and maintenance ... A ... 0913 
Management and general expenses  ... 1'476 
Power expenses  ... "ia -— .. 1797 

6:698 


which were reduced for the year ending March 31, 1908, to 6 10d. per 
car-mile, made up as follows :— 


d. 
Traffic expenses  ... кР -— idi 2:28 
Repairs and maintenance ... € ss I'25 
Management and general expenses ... 1'18 
Power expenses  ... 46% € T 1°39 
6°10 


The average total working costs of some seventy other municipalities, 
mostly 1907 figures, was 6°31d. per car-mile run, showing an advantage 
for Lincoln of o'21d., which, considering the fact that only 145,235 car- 
miles were run—the fewest of any municipal system—proves to the 
author that better results might be looked for with a larger system. 

Reliability.—Here the author considers that he can claim the advan- 
tage. During the whole time the tramways have been running the 
current has never been off any part of the line owing to failure of the 
electrical equipment (apart from the feeders), a claim which the author 
considers few overhead systems can make. The fact that the live cable 
is enclosed in a ventilated conduit, and is thus free from the effects of 
the weather and the vibration caused by the passing trolley boom, 
renders it much less hable to breakdown. 

On this account, also, it would be interesting to mention that, apart 
from the great snowstorm in January, 1907, a total of only 100 car- 
miles (or 0'0354 per cent. of the total car-miles run) have been lost in 
the three years ; in all cases of this total 75 per cent. was due to faults 
on the cars, and 25 per cent. to the melting out of the main feeder from 
its socket in the section pillar. 

Safety to the Public, —'The author considers that, with the working of 
the “G.B.” surface contact system, there is less danger to the public, 
from shock and personal injury, than there would be with the over- 
head system, as studs which have become alive at Lincoln have always 
been located as soon as they have occurred, without danger to any one ; 
whereas with the overhead system it is quite possible for a wire to 
break without giving any warning that inspection could safeguard 
against. 

Silenl Running.—The silent running of the cars at Lincoln is a point 
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which is remarked on by every one, particularly by visitors to the city 
who, living on overhead tramway routes, have been accustomed to 
receive warning of the approach of the cars by the noisy hum of the 
trolley. 

In times of exceedingly snowy weather the “С.В.” system is at a 
slight disadvantage, as compared with the overhead, owing to the fact 
that it has not only to make its contact with the rails, but also with the 
studs through the snow, and a car can get along much better with a 
poor rail than with an inferior supply. 

Speaking generally, if nothing is to be taken into account except 
first cost, the overhead system would probably still hold the field ; but 
the author considers that a system like the “G.B.,” with its many 
advantages, must have a large future. 


DISCUSSION. 


Mr. Е. Hirp: The amount of interest that is displayed in these 
days in surface contact systems is certainly not very exaggerated, or 
perhaps enthusiastic, and it is instructive to hear of a surface contact 
system which has now been running for some three years, and the 
possessors of which have apparently had no cause to repine, but are 
even, if I may judge from the paper, slightly complacent. The 
principal point upon which I wish to speak is with regard to the cost 
of maintenance. I think it must surprise most of us to hear that the 
cost of maintenance compares so favourably with that of an overhead 
construction, in point of fact being even a little less than the average 
taken from a great number of overhead lines. When we consider the 
large amount of experience which has been expended for so many 
years upon overhead construction, so that almost every detail has 
arrived at a stage of standardised perfection, and when we consider, on 
the other hand, that the system of which the author has been speaking is 
of a new and original type, and that the particular installation at Lincoln 
is the very first of its kind, and further, that this installation involves 
the use of studs which at times have to be alive in the road and are 
exposed to all the chances of weather and of traffic, then I think we 
certainly have reason to be astonished at the result. Perhaps the 
reason 15 that опе 15 apt to under-estimate the cost of maintenance in 
an overhead line. We do not realise that to maintain a wire, or pair 
of wires, in mid-air, with span wires and with numerous junctions, 
crossings, insulators, and so forth, and to maintain them in working 
order with the constant rubbing of the trolleys, cannot be done without 
considerable expenditure both of time and of money. On the other 
hand, we perhaps over-estimate the risks of failure likely to arise in an 
entirely new system. However that may be, it seems that the figures 
are undoubtedly reliable, and that the average cost of maintenance of 
the system is not greater than that of an overhead system. I believe I 
am right in saying that the same can be said of the surface contact 
system which has been established a long while in Wolverhampton. 
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There also the maintenance cost is not in excess of what is usual in 
overhead lines. The total working costs also compare favourably, 
which is a reason again for congratulation. Then when we come to 
the most interesting part of the subject, that of the security of the 
public, it is certainly to be noticed as very striking how little trouble 
there seems to have been. If I understand the matter rightly, when 
through any accident a contact has been left alive, it has been, except 
in one single instance, discovered by the trailing brush upon the car, 
and immediately identified by the car running back over it, and left 
protected for the short time that is necessary for its replacement. On 
the whole I think we must gather from the paper that we have here a 
really successful surface contact system, and one which, if it had come 
before us a little earlier in the history of electric traction, might have 
had a very big future. It comes somewhat late, for I believe its most 
ardent advocates would hardly expect that it would oust the existing 
trolley installations. Nevertheless, one must undoubtedly agree that it 
has the advantage of sightliness, and in that respect it may perhaps 
command some field for its application. In the case of a trolley 
system, it is most unfortunately the case that the most complicated 
parts of the track are necessarily in the principal centres of the town, 
where they are particularly objectionable. It is there that one gets 
the mass of crossings, junctions, and span wires. I do not know 
whether I am right in my assumption, but perhaps upon this point the 
author will be good enough to give us some information as to whether 
it would be feasible in many cases to put down a short portion of 
surface contact system and run it in conjunction with a trolley system, 
so that in those places where there are really bad crossings and many 
overhead wires would be necessitated, and where there are particular 
reasons for maintaining the aesthetic beauty of the town, a short 
length of this contact system could be inserted without inconvenience 
or delay in running. I should suppose from the paper that this would 
be possible. 

Mr. Н. M. Sayers: Not many years ago I prepared a memorandum 
showing that there was no commercial future and no commercial 
necessitv for a surface contact system, that under circumstances which 
precluded the use of the trolley wire a conduit system was preferable, 
and if the amenities of a town and the beauties of its prospects were 
worth protecting against the trolley wire; that it was worth while to go 
to the expense of a conduit. That view was evidently the one taken 
by the authorities at Bournemouth, where in the centre of the town the 
trolley wire is replaced by the conduit. When I committed myself to 
that opinion the only surface contact system in use or under construc- 
tion in this country was the Lorain at Wolverhampton, and from 
what I could gather at the time the cost of that was comparable with 
that of the conduit system. I believe that the Wolverhampton Cor- 
poration did not pay the whole cost, and that the favourable financial 
result of the Corporation tramways there is largely due to the fact that 
they obtained their surface contact system under actual cost. The 
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“С.В.” system differs from nearly every other that has been suggested 
or tried by reason of its extreme simplicity, the simplicity of genius. 
The capital expenditure incurred 15 low on account of its simplicity, 
and it is evident from the author’s very excellent paper that the working 
expenses are low, also largely due to its simplicity. I think it is а most 
excellent result that, on this line with only about 3 miles of single track, 
the author should have been able to work at so low an expenditure as 
61d. per car-mile. As he says, it is a little under the average of the 
overhead system, and it shows that, whatever disadvantages the surface 
contact system may have,they have been compensated for by advantages 
which are not directly apparent, or by Mr. Clegg's excellent manage- 
ment. At any rate, it shows there is nothing inherently costly in 
working the surface contact system under such conditions as those of 
Lincoln. The point about the “ С.В.” system which must have seemed 
most doubtful to any one who examined it as a matter of design is the 
use of an air-filled conduit containing the line wire. Every one who 
has had to put wires under streets of our cities knows that the atmo- 
sphere which gathers in any space is largely composed of coal gas and 
other things which are not common constituents of air, and it is obvious 
that a considerable amount of coal gas in an open conduit, in which a 
certain amount of electric sparking is likely to take place, offers some 
little risk of explosion and a constant risk of corrosion of the metallic 
parts. The paper shows that the corrosion risk has been realised, and 
that damage has been done, which has apparently been overcome by 
the device of coating the attacked parts. The question of explosion 
must, however, remain as a possible risk. In Lincoln I should imagine 
that the soil is not so saturated with gas as happens in some other 
towns, and that the surface of the streets is a good ‘deal more perme- 
able than it is in London or places where granite-pitched streets are 
continuous for many miles. Again, it must be easier to effectively 
ventilate 13 miles of route by means of a fan or pressure blower than 
to ventilate a network of conduits. It appears to me that if this 
system is used on a large scale under unfavourable conditions as 
regards saturation of the soil by gas, and as regards an intricate net- 
work of lines, the gas trouble may become a very serious one. I am 
inclined to think that it will be found necessary either to abandon the 
air-filled conduit for the line conductor or to sectionalise it, so that the 
ventilation may be directed, and any explosion which takes place be 
limited in extent. Another consequence of the air-filled conduit is that 
the cable is throughout exposed to damp as wellas gas, and therefore 
exposed to corrosion. The cable is a wearing part, and the author 
shows that the first cables put in have been very nearly worn out at the 
contact surfaces. Now he has put in a cable which is a compound 
cable of copper and galvanised iron, and a likely combination to suffer 
from corrosion. The contact wear is provided for ina very ingenious 
way by the use of tube sleeves, which extend over the whole 
length of the cable. Itis suggested by the author that, as the contact 
on a sleeve becomes worn and defective, the whole cable may be moved 
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on and a new sleeve brought along. It may, but that cable with the 
sleeves on it is a much stiffer thing than the original cable, and after it 
has been in use for two or three years it will be somewhat difficult to 
move. Still more difficult will it be to move the sleeve on the cable, 
either by rotation or by slipping it along. Mr. Clegg's suggestion to 
take off lengths of tube at one end and slip them on the other, so 
moving all the sleeves along, will prove somewhat difficult to carry out. 
Another little point which arises out of that is the conductivity as 


. between the cable and the contact sleeves. For many months that 


may keep in a satisfactory condition, but eventually a little oxide and 
other things may form between the surfaces of the cable and thc 
sleeves, producing a good deal of resistance between them, especially 
when the cable is moved on to present a new sleeve to thc stud. The 
fact that the cable is a wearing part assimilates this system to a trolley 
line, but there will be a great deal of difference between the ratio of 
the original value of the cable and its scrap value, and the same 
ratio in the case of a trolley wire, where the scrap has always copper 
value. Therefore I would suggest that the author's statement about 
the cost of maintenance requires to be qualified by the fact that, 
within a certain number of years, a new cable will have to be bought 
and the old cable will not be worth very much. As regards current 
consumption, I gather from the figures given in the paper that the cars 
are of the four-wheel type, I suppose weighing something like 94 to 1o 
tons, perhaps a little more, and I also gather from the paper that they 
have radial trucks. I do not know what the gradients are at Lincoln, 
and so cannot very well compare the current consumption given here 
with the average current consumption under similar conditions, but 
I'108 units per car-mile is not excessive if the linc is on a fairly easy 
gradient. I notice that the pitch of the stud is 9 ft. and that the cars 
are radial truck cars. I am certainly surprised that it has been found 
possible to work with such a long pitch with radial truck cars, and I 
think the facts are encouraging. The question of the number of studs 
required per mile of track is most important, and every foot that can 
be added to the pitch means the removal of a great handicap from this 
system. "There are two other points I want to refer to with regard to 
the system rather than in regard to Mr. Clegg's paper, and that is that 
it is rather surprising that satisfactory contact for the current taken by 
a tramcar can be made with the small magnetic force that is available ; 
and the other is that it is rather surprising that the current taken by a 
tramcar of 500 volts can be satisfactorily broken or shared by such a 
short break track on such a small contact surface. 

Communicated.—In view of the statement that the Lincoln track is 
devoid of curves and gradients, the current consumption of 17108 units 
per car-mile is decidedly high. With suitable motors (a most im- 
portant qualification) such cars on such a track can be run for о? units 
per car-mile, or less, as, ¢.g., is done at Peterborough. 

Mr. J. W. HAME: I have no desire to enter into the merits of this 
system against other systems, but I should like to ask Mr. Clegg one or 
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two questions which have occurred to mé. Supposing that a car was at 
the far end of the route, the terminus, and that two studs underneath 
the cars were inoperative : that car would then, from the motor man's 
and from the conductor's point of view, be without supply. I should 
like to ask the author whether there is any means available on the car by 
means of which they could know whether the failure was due to the stud 
ог due to the failure of the supply from the generating station. Then I 
should also like to ask the author whether he has yet been able to find 
out from practice whether it is possible to carry out the suggestion 
which is made in the paper of sliding the sleeves along the cable. Has 
he been able in practice to put new sleeves on one end and to force the 
others off at the other? I think it would also make the figures in the 
paper morc useful if, in the tables of defective studs, the figures were 
brought up to date, and the figures for the past quarter, up to 
January 7, 1900, were given. The figures given in the paper are up 
to September 7, 1908, when the installation of the new cable was com- 
pleted. It would be very interesting to see whether there has been a 
still further diminution in the number of defective studs since this new 
cable was put in. 

Mr. B. H. BEDELL : I trust that owing to my connection with the 
system I may be excused for referring to some of the remarks which 
have been made during the course of the discussion rather than to the 
paper itself. Mr. Sayers mentioned that he anticipated there would be 
a good deal of trouble, caused, I suppose, by electrolysis between the 
copper wires which are used in the inside of the cable and the gal- 
vanised iron wires which are laid over them. That would undoubtedly 
be the case if the copper wires were bare copper, but owing to the fact 
that the copper wires are tinned there is very little danger of electro- 
lysis taking place, since tin and zinc are next door to one another on 
the contact table; and from experiments which we have conducted, 
and also from the results of the use of tinned copper in contact with 
zinc in other places, we find there is very little danger of electrolysis in 
that instance. Mr. Sayers also suggested that, on the car leaving one 
stud and passing to another, the stud that was being left had to sharc 
the current with the one in front on to which the car was moving, and 
presumably eventually break the share of the current which the last 
stud was passing on to the car. Such a thing cannot arise in practice, 
owing to the fact that the carbons are held in contact with the cable 
until the collector on the car has left the stud-head. Therefore, if there 
is to be any breaking of circuit at all, and not a gentle exchange with- 
out any volts at the moment of breaking, any breaking which takes 
place will be on the road surface between the stud-head and the 
collector, and cannot take place between the stud and the cable. That 
is a very important point. If that were not arranged to be so, the life of 
the carbons would be decreased to something like one-tenth of what it 
actually is. Mr. Sayers also suggested that it was most important to 
ventilate thoroughly. With that remark I venture to entirely agrce, 
but I think the difficulties which he sees in doing so would not be 
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found in practice, owing to the fact that the pipe in which the cable is 
carried is pitch-jointed carefully all the way along, and one can actually 
get an air circulation over some miles of track. There should, there- 
fore, be no practical difficulty at all, even in the case of a large system 
which necessitates the installation of more than one Root's blower to 
effect the ventilation. It would not be an expensive item to run two 
Root's blowers on one system. With regard to the difficulty which was 
suggested by Mr. Hame in shifting the sleeves on the cable, these can 
very easily be shifted by extracting the cable altogether from thc pipe 
and bending it, because the slceves are put on so close together that 
they absolutely butt up, and if the cable is bent at all in pulling it out it 
will be found that the action of one sleeve on another at the bend 
has been quite sufficient to loosen all the sleeves right along the whole 
length ; and then, by the use of a long screwed sleeve at the end it 
is quite possible to shift the sleeves along the length of the ordinary 
cable which we use, running to about 140 yards. 

Mr. A. P. TROTTER: When Mr. Bedell, the inventor of this system, 
who has just addressed the meeting, first brought the drawings of this 
system to the Board of Trade to discuss the approval of it, I must 
confess that it did not scem very promising. I could not understand, 
even from Mr. Bedell's description, how the magnetic circuit was going 
to work, and how the moving part of the stud was going to be induced 
to go down on the cable, and that still is rather a matter of experiment 
than of calculation. Probably those who have not seen any except the 
drawings given in the paper will share my difficulty. The paper 
which we have heard describes what may be candidly said to be а 
most interesting experiment, for although it is a practical working 
success, it must be remembered that the line is a dead level, with wide 
roads and small cars, and an eminently suitable case for an experiment. 
Where this experiment is copied, as I very much hope it will be else- 
where, of course, attention must be paid to any circumstances which 
may introduce different conditions. From my own point of view, 
members are aware that I have to consider the question of the safety 
of the public. The inspection of a surface contact system is rather a 
peculiar duty, for this reason, that when one inspects an overhead 
trolley svstem there is plenty to look at and possibly to criticise, but, as 
the author has said, one can hardly see these studs at all; they are 
absolutely flush with the road, and this is one of the most important 
features of this invention. It is very difficult to see them, and as long 
as everything goes well on the inspection, there is nothing to sec at all. 
The only thing which could happen is a live stud, and that is a very 
serious matter. As long as that does not happen, nothing happens ; 
there is nothing to sce; and the principal duty with regard to the 
inspection entirely rests with my colleagues who have to look after 
the permanent way and so forth. So that for that reason it is not 
possible to make an inspection of a system of this kind, and go home 
and write a report and say the thing is perfect. It is necessary to 
suggest that a provisional certificate should be granted for six months 
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in order to see how things go, and one relies upon reports of the studs 
to know if the thing is going well. We get reports of the studs, which 
I look through and analyse, and, as has been stated, the live studs have 
been very few in number. They may be classed, if I remember rightly, 
in groups. First of all one set of circumstances gave rise to live studs, 
and that cured itself. Then something else gave rise to live studs, and 
that was cured, and the result has been very excellent. But the most 
interesting feature perhaps of the live stud question is that, so far as I 
understand, every one of them has been detected by the car which left 
it. That is an extremely important feature ; in fact, the question of 
detection is an interesting matter all through. I visited Paris with my 
colleague, Colonel Yorke, some six years ago, and we there saw an 
extraordinary collection of tramway systems. In some cases the 
asphalt had been burnt all round the studs. At that time I think a 
short-circuiting picce was carried at the back of the car, and when 
a short-circuiting piece meets with a live stud it will be understood 
there are some fireworks! I asked Mr. Bedell whether he proposed 
to carry a short-circuiting piece, and he said it would not be possible 
unless a fuse was put in the plug. The flexible carries a good deal 
more current than could comfortably be put into a fuse; in fact, it 
would be rather a serious fuse to blow. He proposed not to put a short- 


circuiting device on, but an indicating device which gave a warning. . 


Such a device I had seen at Wolverhampton. When I inspected the 
system the device was there; we tried it artificially, and it rang а bell 
very well. When Mr. Bedcll came along with his invention, he 
showed another indicating device. I wrote to Mr. Shawfield asking 
him how he was getting on with his indicating device at Wolver- 
hampton, and he replied that it had been taken off two or three days 
after the inspection! Naturally I had several questions to ask. One 
was, Why? The reason was interesting. When the iron armature of 
a stud has been pulled up, a much weaker magnetic field will be 
sufficient to retain it in that position than was necessary to lift it. 
Although a stud may be in perfectly good working order, if the car is 
going more than 8 miles an hour the indicating device will come 
upon the stud before the contact is broken. It is a mere question of 
speed. I went down to Wolverhampton and asked this question of 
Mr. Shawfield : “ How do you find the live studs?" “Oh,” he replied, 
“we give a boy a penny. All the small boys at Wolverhampton go 
about with bare fect." I was told that if I saw a little crowd of 
children in the streets I should know there was a live stud, and that 
I should find five or six children challenging each other how long they 
could stand on a stud! I found that a live stud is not a 500-volt stud 
in Wolverhampton, but that it is 20, 30, or ДО volts, and it almost 
entirely results from the carbonisation of the top of the inside of the 
box, and gives a high resistance circuit which the Wolverhampton boy 
can stand. Knowing that, when I saw these studs of Mr. Bedell’s I 
could see that if a stud was going to be left alive it would be a 500-volt 
stud. There was this difference between them. In Wolverhampton, 
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and in most other surface contact systems, the contact falls awav by 
gravity, but in the * G.B." system, if anything goes wrong with the 
spring it falls “оп” by gravity. I thought the spring was going to be 
the weak point ; the spring takes the whole responsibility. Mr. Bedell 
said to me, “ The spring is not a serious expense ; we will electroplate 
the whole lot if necessary.” It has turned out, according to the paper, 
that the spring has not been a serious matter, because the author says 
that no live stud has remained alive on account of the failure of the 
spring. 

The leakage seems to be extremely satisfactory. Before tramways 
are started, I have to recommend the Board of Trade to make regu- 
lations for electrolysis purposes. We have certain leakage limits, 
which on a trolley wire are not very much, but we had to put down 
some sort of a leakage limit here, as we have to do on conduit lines 
also. We had to make a shot at it, and, as it turns out, Mr. Clegg has 
come a long way within that limit. There is nothing very peculiar in 
the conditions that I remember at Lincoln: Lincoln mud may be 
different from other mud. What seems to me to be the most impor- 
tant feature of the invention is the flush stud and the flexible chain. 
I must say I could not understand the chain at all from the drawings I 
first saw, and it was not until I got under a car and handled one that 
I saw how it was constructed. The chain is flexible, and goes down on 


‘to each stud, and a stationary wave of chain is held down on stud after 


stud as the car is passing along. That enables the great disfigurement of 
the streets and the tripping up of horses by the projecting studs to be 
avoided. The question of economy is rather outside my beat, and I 
have not gonc into it, but I must say the unils used per car-mile, 172, 
seem very satisfactory. I always understood that on any surface con. 
tact system about a quarter of a unit or something like that was used 
for magnetising the magnets, charging the battery, and other sources of 
waste. For instance, it is necessary to carry, I understand, about 1 ton 
of extra stuff, magnets, chain, and batteries for starting in case you come 
to a dead stop, and that is rather a serious extra load. That, and the 
energy for carrying it, is a handicap upon any surface contact system, 
and it seems to me that the results obtained are very excellent con- 
sidering that handicap. The only other remark I would like to make 
is with regard to Mr. Sayers' suggestion that at Lincoln there was an 
open conduit. Asa matter of fact it is a closed pipe under the strect, 
buried in concrete. It is practically an air-tight tube in which the 
cable is carried. I hope that the success of this system, and the way 
in which all the difficulties have been met one after another, will lead 
to its adoption elsewhere. 

Dr. SiLvaNus P. Тномрѕом : Mr. Trotter has drawn our attention 
to that which is the starting-point of this invention, on which I would 
desire to say a few words, because it presents an extremely beautiful 
solution to a scientific problem. Like Mr. Trotter, when I first saw 
the drawings of this peculiar stud, I said to myself, “ How on earth can 
that thing possibly act?" because it looks as though we had here a 
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magnet which was required to push a ріссе of iron away from it Dr 


instead of pulling it towards it. It would be well that those who are 
not familiar with the construction of this stud should enquire how it 
does work. There 15 а thing first of all lke an iron T-square, with 
the. head of it sunk in the road, with a projection of iron sticking up to 
the level of the road. The shank of the T-square goes down into 
the ground ; at the bottom it is cleft into two parts, and between those 
two parts there is another bit of iron which can move up and down, 
hung on a spring. When the car coming over the top magnetises this 
T-square, the movable bit of iron, instead of being drawn up, is 
pushed down. That is the curiosity ; it is a most interesting little bit 
of magnetic mechanism. Of course it is true that underneath it there 
is the iron rope, or rope clad with steel tubes, and when the stud is 
magnetised with the car going over it, the piece of iron inside is pushed 
down. In other words, the rope or sleeve attracts down the moving 
piece when the moving piece is magnetised by the magnets under the 
car above it. This may be explained in terms of the magnetic circuit. 
If any portion of the iron is movable, then when it is magnetised it 
will so move as to better the magnetic circuit, if by moving any way it 
can magnetise itself more thoroughly. The moving piece is protected 
between the two cleft portions of the iron stem, and docs not get much 
magnetised, so long as it is in this upper position. By going down- 
wards, it carries a magnetism through itself down to the iron below. 
It is an extremely beautiful bit of electromagnetic mechanism. The 
chain collector up above, which serves both to convey the current and 
to transmit magnetism, is another extremely beautiful bit of electro- 
magnetic mechanism. I say this with the greater pleasure because, as 
it happens, the very last time this Institution discussed anything about 
surface contact tramways was an occasion when I had the honour of 
occupying the chair, and my then partner in the matter, Mr. Miles 
Walker, read a paper about the particular kind of surface contact 
tramways which he and I were then experimenting with at Willesden. 
As I have gone through the mill of inventing two or three different 
kinds of surface contact systems, and of finding that nobody thought 
they were worth putting any money into, I am the more delighted to 
welcome an invention which starts from such extremely simple and 
beautiful scientific principles, and which, because it starts from extreme 
simplicity, turns out to be commercially better than anything of the 
sort that has yet been offered as a practical system. We must 
not forget that it is now a quarter of a century since the late Professor 
Ayrton and his colleague, Professor Perry, proposed a sort of surface 
contact system, not, however, for roads and tramways, but for railways, 
where the moving car was to make contact with studs below it, or 
at the side of it, which were to furnish a supply of electricity for 
electric railways, and also at the same time provide an automatic 
block system. That was followed by other inventors. Mr. Trotter 
has alluded to that extraordinary congeries, which Paris exhibited some 
years ago, of four or five different surface contact systems, the Claret- 
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Villeumier, the Diatto, and the Dolter. We have seen the Lorain 
in Wolverhampton and the Dolter in Torquay ; and any one who has 
seen those systems in Paris, Torquay, and Wolverhampton, can have 
no doubt whatever, on comparing them, that the system of Messrs. 
Griffiths and Bedell has made a very great advance on all of them, 
and has proved by its extreme simplicity very much more practical, 
I was rather interested a few months ago in looking at the Torquay 
arrangement of the Dolter system. As in so many of these systems, 
including some of my own, the studs projected { in. above the ground, 
and were protected by some sort of stony material sloping up gently 
to the stud. But even so, with a stud that projected not more 
than 4 in. above the level of the ground, with the stone sloping up 
towards it to prevent there being any sudden projection, it was quite 
clear that the drivers of horse vehicles, carts, and carriages tried to 
avoid driving their horses over these studs, not because of any fear of 
the stud being alive, but because of the mechanical inequalities that 
they produced in the road. To have got over that difficulty by the 
use of the chain-collector and the level stud is a very great advance 
in itself. I noticed also that in Torquay the way they went about to 
detect possible accidental live studs was not that of Wolverhampton. 
They employed two men, who went about the roads with devices 
for prodding the studs and making a circuit to the rails through 
instruments they carried on their backs, in order to detect a 
possible live circuit. I watched them for something like a quarter 
of an hour along the road one day ; and on my making an inquiry 
of them they informed me that thcy had not found any live stud 
that day ; indeed, that they very seldom found them. The danger is 
not of finding live studs on a well-arranged system such as this. 
The public has been grossly misled on that point, especially by 
the extremely unfair and improper device of communications in the 
Press headed in sham quotation marks the “live stud” system. There 
is no such system. It would be just as unfair to call the overhead line 
the “deadly trolley " system because horses have been killed through 
trolley lines falling. They are not intended to fall; it is only 
by an accident that they do fall from overhead and kill horses, 
and it would be utterly unfair to dress it up in quotation marks and 
call it, “the horse-killing system." Тһе stud system has one great 
advantage over the conduit. I do not know why, but previous speakers 
have almost always, when they have made any comparison, compared 
the surface contact system with overhead wires. It is not with over- 
head wires that the comparison comes in. We want a surface contact 
system in a place where we are not going to use overhead wires 
under any circumstances; and the rival then is not the overhead 
wire but the open underground conduit, which is enormously 
expensive. A great quantity of metal has to be put down under the 
street ; there are great troubles with regard to dirt and drainage and 
crossings, and all that kind of thing, and besides this it goes down 
so very deep into the earth that there are a great many places 
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where you cannot conveniently have a conduit because it requires 
a depth of 18 in. or 2 ft. If no scale is put on the diagrams of 
this surface contact system, people might run away with the idea that 
it is necessary to allow for a great depth down into the ground. But 
this stud does not go down*very far, and the underground wire—I 
was going to say the underground overhead wire—is only an inch 
below the bottom of the vertical stem, and that is the whole depth 
needed. It has a great advantage over the open slot conduit in that 
respect. Then, again, it has a great advantage with regard to snow. 
Snow is always the thing that tests a tramway system, whether it be an 
overhead wire system, where the wires may be brought down with the 
weight of the snow, or an open conduit, or a stud system ; and I 
will undertake to say from what I know about it that in snow time the 
stud system has enormously the better of it over the others. А 
question was asked, which I hope Mr. Clegg will presently answer, 
about changing over when you get outside a town to the overhead 
system. That was one of the things that I was working at with 
Mr. Miles Walker. We specially laid stress upon that point, and urged 
it particularly on municipal engineers. It is so easy when one has 
a stud system with a collector—a skate, as we had, or a chain in this 
case under the car—to put a pole on the top of the car so that 
continuous running without stopping is possible. In a place where 
there are studs laid in the road in the middle of the town, it is only 
necessary to put the pole on to the overhead wire on running off into 
the country ; and that can be easily done without any change, the car 
being provided with both of these things, the pole above and the 
collecting skate below. It may be said that the same has been done 
at Bournemouth, where there is a plough going down into an open 
conduit below and a trolley above, but it must be remembered that, 
at the changing-points of the system, the car has to stand over a pit 
while somebody climbs down underneath the car and adjusts the 
plough below, and the underground manhole has to be opened by the 
side of the line at the place where the change is made. In this respect 
also the stud system has a great advantage over the open conduit. 
I think this debate ought to be a great encouragement to us who 
have worked for years in the faith and certainty that there was 
great scope for a surface contact system. Any of us who of late 
years have visited certain cities which we knew and admired in our 
youth must have deplored the curse that has fallen upon them. Who 
is there that remembers that lovely square in front of the Cathedral 
at Milan who does not deplore the unlovely change that has come over 
it? It has become simply one vast spider's web, where the tramcars run 
about underneath, and the beauty of the Cathedral is thereby sadly 
marred. And the same consideration applies to many historical 
places. Would you like to see Oxford, with its beautiful colleges, 
disfigured by the overhead system? Would you like to see the 
ancient and historic city of York disfigured by overhead trolley lines ? 
Would you like to see Edinburgh or Cambridge disfigured by an 
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overhead network of gear? Certainly not—at any rate those of us 
who have any kind of love for the beautiful left. Then what remains 
for such places if they must have electric propulsion of cars? There 
is only a choice between the conduit and the surface-contact ; and 
after what we have heard to-night not one of us, I imagine, would 
have any doubt of what our choice would be. 

Mr. G. R. BLACKBURN (communicated) : It is stated in the paper that 
the excitation watts are 210 per car per hour, but it does not appear to 
be stated in any portion of the paper what proportion these are of the 
current consumption per car-mile. Taking this latter at 1'108 and the 
average speed at 7 miles per hour, it appears that the excitation watts 
are 277 per cent. If these figures be accepted, then the loss on a large 
system, such as the one with which the writer is connected, would 
be over £3,800 per annum, or half the present cost of maintaining the 
overhead equipment on that system. "This does not take into con- 
sideration the fact that leakage on any surface contact system is 
greater than on overhead trolley systems. It thus appears that the cost 
of exciting the car magnets is very appreciable, whilst it is certain that 
the cost of maintenance is considerably higher. This latter item is, 
however, difficult to obtain from the paper itselt, as the author therein 
gives only the total costs of repairs and maintenance, whereas we really 
require to know the cost of repairs of the various items constituting it. 
Excluding track, buildings and fixtures, and miscellaneous equipment, 
which are unaffected by the system employed, it appears from the 
latest returns published that the cost of the electrical equipment at 
Lincoln is 0'124. and rolling stock o:97d. per car-mile, or a total of 
1'o9gd. per car-mile. As the system has only been in operation three 
years, the cost of maintenance of rolling stock seems very heavy, unless 
a large proportion of the cost is incurred in connection with the 
collecting gear, batteries, etc., on the cars. The average cost of these 
two accounts іп 64 other towns appears to be отба. per car-mile, ог 
over 30 per cent. less. It would thus be of great service if the author 
would state in his reply what he considers the actual increased cost of 
maintenance is for the system put forward. Although the author states 
that, as regards reliability, the “С.В.” surface contact system can claim 
the advantage, yet snow and ice, as has been proved recently, do stop 
the trafic far more than on overhead systems. И is further stated that 
difficulty is experienced with the chain collection in bad weather, and 
in view of these facts it does not seem that the claim for increased 
reliability can be substantiated. 

As regards the safety of the public, overhead equipment, properly 
maintained, is at least as safe as any surface contact system can be 
made, the risk of falling wires on modern systems being exceedingly 
small. In the last paragraph the author implies that the overhead 
system only holds the field on account of first cost ; but more extended 
experience of actual working results and costs of maintenance and 
renewals must be obtained over a period of years before the “ С.В." 
system can be seriously considered for general adoption. 
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Mr. E. A. MITCHELL (communicated): One is very pleased to have 
the opportunity of hearing the author’s remarks on surface contact 
from a tramway manager's point of view. The figures which he has 
given as to current consumption work out very much the same as on 
a similar piece of line on which I was engaged. 

Dr. Silvanus Thompson has mentioned his observations of the 
surface contact at Torquay, and as I was also engaged on this under- 
taking I can probably satisfy him as to the mysterious little box which 
he saw men carrying. This box was a small voltmeter. I understood 
from Dr. Thompson's remarks that he thought this was the method of 
testing for live studs in Torquay, and to a certain degree he is right ; 
but it was brought about in this way: At the first Board of Trade 
inspection Mr. Trotter remarked that in going round a very sharp 
curve the indicating brush, which I may say all cars were fitted with, 
swung clear of the track, and he inquired as to how I was dealing with 
studs on curves, and said that something must be done. I informed 
him that I was then getting out a design for dealing with this matter, 
and that in the interval I would arrange that men should, after the car 
- had passed a curve, test it up till such time as the curve registering 
apparatus was ready. Mr. Clegg has remarked that his line was 
straight, and therefore he has not yet had to meet this difficulty. The 
registering of studs on a curve is not quite so simple as it looks. If 
you have a wide brush you cannot work your relay, as the leakage 
current is shorted through the brush on to the rail. The arrangement 
which I have brought out for registering on curves is that the relay is 
double wound, that the indicating brush is divided into four separate 
sections ; each section of the brush is alternately connected to one of 
the coils, with the result that no section of the brush can be on the stud 
and on the rail at the same time. 


І may say that at Hastings there is no nced for this arrangement, - 
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it being, like Lincoln, a straight line ; but further experience showed . 


that something was necessary. 

There is another point. Mr. Trotter mentioned that at Wolver- 
hampton they discarded indicators on account of their continually 
registering sluggish studs; but in the case of Wolverhampton the studs 
gradually become alive, whereas on the “С.В.” they are at the full voltage. 
I remember at Hastings Mr. Trotter made the same remark with regard 
to my apparatus for registering live studs, viz., that he was afraid that 
it would always be registering, particularly on an increase of speed ; 
but such is not the case. My indicating device had to be specially 
sensitive for the reason that any stud which registered 18 volts was, 
according to the Board of Trade requirement, to be sent on to them 
as a live stud. Now 18 volts on a dry day is difficult to register, 
so I had to set my apparatus to ring at 10 volts, and on one 
particular car I had one registering at 5. With regard to these 
indicators being somewhat useless at a high speed, I have not found 
this so. In order to test the registering apparatus at high speed I 
have driven a car up to 294 miles an hour, and in no case did we 
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ring up any studs. This was the highest speed I could attain on that 
particular line. 

With regard to Dr. Thompson's remark as to the slight projection 
of the studs at Torquay, іп the new design of stuus which I have these 
projecting tabs are done away with. 

Mr. W. R. CooPER (communicated): So much difficulty has been 
found on surface contact systems in providing a satisfactory indicating 
or short-circuiting device safeguard against live studs, that I think 
it would add to the value of the paper if Mr. Clegg would include 
a dimension drawing of the device in use at Lincoln. Such devices 
have been found to give trouble, except at low speeds, because they 
did not allow enough time for a stud in normal condition to become 
dead before the passage of the device. Has Mr. Clegg found that the 
indicating device at Lincoln gives trouble in this way if the cars are run 
above a certain speed, and if so, above what speed ? 


DISCUSSION AT LEEDS, JANUARY 27, 1909. 


Mr. W. M. RoGERSON : In the first place, it must be remembered 
that the surface contact system at Lincoln has only been running 
24 years, and the comparative figures with other systems that the 
author gives in the paper are not quite accurate because, as we are all 
aware, after a system has been running for something like 6 or 7 vears, 
the expenses in maintenance increase very rapidly. I believe, even 
at the present time, they are putting in new cable, and they will no 
doubt find that in years to come the expenses in this direction will 
considerably increase. I must, however, congratulate him on the 
agreement which was come to for the installing of this system from 
the Corporation's point of view. Of course the “G.B.” Company at 
this time would be anxious to get in and see what they could do. 

On page 474 the author mentions that the agreement was for a period 
of 12 months, whereas later on he says that the cost of maintenance of 
the special apparatus peculiar to the system, to keep it in efficient 
working order and repair, should not exceed £30 per mile of track per 
annum during a period of то years. Apparently, therefore, the agrec- 
ment really covers a period of то years. The author is to be con- 
gratulated on the exceedingly low current consumption per car-mile 
which he has obtained. 

On page 476 of the paper is a paragraph which I do not fairly under- 
stand, where it is stated that the horns on the moving piece which 
rises rapidly after the influence of the magnet is withdrawn strike 
a copper clip a smart blow, in any case where a slight adhesion has 
taken place between the carbon contact and the cable due to the 
passage of current, and this blow is found to break down the adhesions 
that occur in practice. It occurs to me that there will be some 
difficulty with regard to the adhesion of the carbon on to the cable, and 
I presume that at times the contact will be broken when the field 
current is passing, as the author mentions that the cable deteriorates 
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very rapidly and was worn practically through, probably due to arcing. 
I should like to ask whether the galvanising of the cable has any effect 
on the arcing. 

On page 478 Mr. Clegg mentions that he gets an average consump- 
tion of 1210 units per car-mile, which is a saving of o'1185 units per 
carmile on the figures guaranteed by the Company. It must be 
remembered that the route in question at Lincoln is practically flat, 
and therefore the comparisons made, especially with districts such as 
we have here in the North, are hardly equitable. 

It must be a great advantage that the cars do not run on Sundays 
in Lincoln, as it must be very useful to have a slack day in which 
to effect the necessary repairs. In towns where cars are practically 
running night and day, it would be impossible to get the necessary 
repair work in. | 

Towards the end of the paper a comparison is made between the 
cost of the “С.В.” system and the overhead system. As Mr. Clegg 
points out, no person would put down a surface contact system except 
from the point of view that he has put it down, namely, to avoid the 
unsightly appearance of the standards and necessary wires. The por- 
tion of track which is equipped at Lincoln at the present time being 
at the bottom of the hill and not in the centre of the town, does not 
show that it has really been put down from an esthetic point of view, 
and overhead construction at ro per cent. less cost would have 
answered the purpose just as well. 

It would be interesting to know whether the maintenance charges 
given in the paper include the renewal work that has been done by the 
“С.В.” Company—that is, new cable and repairs and maintenance of 
the batteries and contacts—as if not, I do not think that the figure is a 
correct one. I quite admit that there are costs in a new system which 
have to be borne when experimenting, still, I think it would be more 
fair to compare the two systems after 3 or 4 years running, and when 
the whole of the work has been done, or after the “С.В.” Company's 
guarantee has expired. 

In further support of the surface contact system, Mr. Clegg refers 
to the silent running of the cars at Lincoln, which, however, I do not 
think is a very good point, and he remarks that people living where 
overhead tramway routes are in existence have been accustomed to 
receive warning of the approach of the cars by the noisy hum of the 
trolley. Asa matter of fact, the trolley is not a great offender in this 
way, as little noise is created. Later on, I think, Lincoln will suffer as 
badly from noise as any other system, as it is generally the gears and 


various other parts in the cars, as well as the permanent way, which in. 


time get worn, and so set up various noises which do not occur in the 
first few years of the life of the equipment. 

Mr. W. М. Y. KiNc: With regard to the item of repairs and 
maintenance which the previous speaker mentioned, we arc all aware 
that the comparison which the author has made is between the total 
costs of the “G.B.” system and the overhead svstem. As a matter of 

VOL. 42. 83 


Mr. 
Rogerson. 


Mr. King 


Mr. King. 


504 CLEGG: THE “С.В.” SYSTEM FROM А [Jan. 27th, 


fact, the costs that are peculiar to the two systems are only a smaller 
proportion of that. The greater proportion is common to the two 
systems—that is, traffic expenses and the management and general 
expenses—therefore, I think, a fairer comparison would have been 
obtained if the author had taken the repairs and maintenance and 
power costs only for the purpose of comparison, and, in addition, have 
compared systems that have been running for the same length of time, 
say, 3 years. I have taken the trouble to extract figures from the 
tables (see list appended) which are published weekly, and of 19 
municipally operated overhead systems, which have been run for 
3 years or less, I find that the average cost for repairs and main- 
tenance is 0°79, against the corresponding figure on the Lincoln system 
of r25, which shows a saving in favour of the overhead system of 
37 per cent. The low power costs are very favourable, but it would be 
interesting to know the weight of the cars that are in use ; they may 
be rather smaller and of less carrying capacity than those in use in the 
majority of overhead systems. The question of gradients will also have 
some effect on this item. Lincoln, I believe, is very flat, and this would 
account for the low power cost, so that it would appear that the two 
systems are about on a par in this respect. 

With regard to the question of reliability, the author points out that 
on these 3 miles of track the power has never Бееп off on account 
of the * G.B." equipment failing. If this is compared with the corre- 
sponding portion of an overhead system, it will be found that it is very 
rare that any part of the overhead line fails at all. 

On the system with which I am acquainted, where we have 70 miles 
of track, we occasionally have circuit breakers come out, but this is 
nearly always due to a faulty motor or controller or an overloaded 
feeder, due to excessive traffic on a particular route, and that will, 
of course, occur on a surface contact system. 

It appears that the leakage from the “G.B.” system is considerably 
higher than that obtained on an overhead system. On our system we 
gct about оо2 to o'2 ampere. If it gets beyond this the feeders are 
tested separately, but this figure is only got in very wet weather. Of 
course the overhead system has double insulation from earth, whereas 
the “ G.B.” system has only single, but so long as the insulation on the 
latter system keeps about constant, I should say that is not a very 
serious matter. There are, however, certain points about the * G.B." 
system which would be much worse in towns where there is a con- 
tinuous road traffic. The first one is that there would result a worse 
contact on the surface studs through ice and snow or even excessive 
dirt lodging there and putting the chain link out of contact. In hot 
weather the bitumen, I should think, would be apt to get soft, and the 
heavy traffic would drive the studs down into the ground and upset 
the adjustment of the contact maker, Finally, I think the system itself 
is a very excellent one, and compared with any other surface contact 
system, is a great advance in simplicity and cost of construction, and 
perhaps equals the overhead system in reliability and safety. Аз 
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regards noise and unsightliness of poles, etc., there is no doubt that Mr. King. 
it has something to commend its adoption. 


TABLE OF REPAIRS AND MAINTENANCE Cosrs OF 10 MUNICIPAL 
TRAMWAY UNDERTAKINGS WHICH HAVE BEEN RUNNING 3 YEARS 


OR LEss. 
Cost per Car-niile. 
d. 
Belfast ii T js = sis ... 0'92 
Chesterfield ... sis РР = iss .. 0'63 
Colchester ... es ii 446 - до. 1:22 
Croydon i ins қ ies i ... I'o8 
Darlington ... S iu TA pii ... 0764 
Derby ies sih ie T ds ... 0774 
Exeter “© 554 js ees ies e. 04% 
Keighley .. re “з du "T ... 0784 
Kilmarnock ... к т кш ies ... 056 
Leicester  ... iss jd — si ... 0779 
Leith ... vis oe КӘ T os ... 0777 
Maidstone ... pi hà 55 Mis ... O81 
Northampton sez js ios id ... 0'77 
Perth ... yis yo әв on ТЯ e. 019 
Pontypridd ... is s s sas ... 1720 
Preston see am ini И yos ... 143 
Reading кз ы: a Те "m ... 008 
South Shields des ves $us isis ... 0°50 


Stalybridge ... sie T T T ... 00778 


Mean value of above, 0'79d. 
“С.В.” system, 1908, r'25d., or 37 per cent. 
less for overhead system. 


Mr. J. J. MCMAHON (communicated) : Mr. Clegg is to be congratu- wr. 
lated on his courage in reading such a paper as this in Leeds, which is McMahon. 
the home of the overhead system in England, the first English line 
being constructed here under my supervision in 1991. The advantages 
of the surface contact system from an esthetic point of view are 
generally admitted, and the choice would probably lie between this 
system and the conduit system for small towns possessing historical 
associations. At the same time, it must be remembered that there are 
many cathedral towns in this and other countries which have installed 
the overhead system. 

From the author's description, however, it is fortunate that the 
“С.В.” system was first tried on a very small scale, on level lines with 
few junctions and very little traffic. Тһе methods described through- 
out would never be tolerated on a large and busy system. Something 
must be done in order to avoid the necessity for the pulling and 
turning of the cable mentioned, and the cable itself would be useless 
іп the corrosive atmosphere of a large manufacturing city or town if 
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made of iron wire covered with iron tubes as described. The galva- 
nising affords practically no protection, and in a few months the 
surfaces would be covered with rust. It ought to be a simple matter 
to clamp some form of copper or gun-metal seating on the cable at 
each contact-point and so eliminate all damage to the cable. The 
method adopted for protection of live studs would not be acceptable 
on a busy city line, as the car can run on for 20 yards or more after 
leaving a live stud behind it, and there is gencrally a hansom or line 
of fast-moving vehicles following up the car, whilst the case mentioned 
by the author where a pony stood with impunity on a live stud must be 


_ put down to some special circumstance, as I have myself had horses 


thrown from their feet on merely approaching a feeder which has 
become earthed beneath the roadway. 

As regards dangers from the wires, I would point out that in 
Manchester there have only been 5 wires down during the past 5 years, 
and the wire can be generally seen and avoided. During the period 
August 24, 1907, to September 7, 1908, there were 40 live studs at 
Lincoln, and this means that against the 5 live wires down, Manchester 
would have had fro rata something like 20,000 live studs had it been 
equipped with this system. It would appear that the costs given are 
not representative ones, as it was stated that the old cable was renewed 
at the expense of the contractor before it was worn out, and that the 
carbon blocks were also renewed in the same way. Finally, the 
“С.В.” system cannot be said as yet to be suitable for large busy city 
lines, as however good it may be theoretically great improvement will 
be required to make it a general practical success. 

Mr. W. J. BENTON: With regard to the cost of the system onc 
speaker said that he would reduce the items to the repairs and mainte- 
nance and power items, but I think it may be reduced to one of 
repairs and maintenance only, as where the trouble is likely to arise is 
in the studs. Mr. Clegg says that in the event of a stud becoming 
alive it is removed and replaced in a few minutes. I really cannot 
quite understand a man coming along and completing the operation in 
so short a time, and I would like him to give me some idea of the way 
itis done. He says that the stud is laid in bitumen, and if so it will 
be rather difficult to remove the stud quickly. With regard to the 
galvanising of the cable, I have had a good deal to do with roofs that 
have been galvanised, but I find that in an atmosphere as in Leeds, 
they are not of much use, and I think a very much better plan is to take 
ordinary black sheets and paint them. 

It has been said that a good deal of the trouble ensued from the 
carbon contact with the metallic tubing. I can quite understand that 
because it isonly a line contact and it may be on the corner only. 

As to the springs being a source of trouble they may be, but spring: 
as made to-day are very reliable articles. We have evidence of that in 
springs used in governors and many other cases where therc is a 
constant movement and thousands of vibrations in a short time, but 
breakages are very uncommon. The little connection from the 
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moving-piece to the stud appears to be morc likely to get out of 
order. 

As to the zesthetic appearance of the posts and overhead conductors, 
I do not think anybody can say that they like it. They put up with it, 
but still there is no real objection, and as to the fear that the part of 
Lincoln in which this tramway is laid would be spoilt by the adoption 
of overhead wires, I really cannot understand it. 

There is one important point with regard to the overhead system 
that I have not heard any one mention, but it is very evident to us in 
Leeds, and that is the relaying of the track. I question whether any 
surface contact system will lend itself to relaying as does the overhead 


system. The temporary line is laid alongside the original track and - 


the trollies take the wire as before. Of course, the author has not had 
it to do, but it would be interesting to know if there is any real difficulty 
in this respect. 

Мг. Н. E. YERBURY : The points I had in mind have already been 
dealt with by other speakers, with the exception of one point regarding 
the insulation resistance test. I should like to ask the author whether 
he includes in his test the insulation of the internal magnet in addition 
to the cable. As far as I can sce that would have to be taken separately 
in this system. It appears to me that in this case we have another 
instance of an undertaking which is entirely satisfactory in a town 
where the conditions are ideal for such a system. I am afraid some of 
us who have rather larger undertakings to look after, with very heavy 
cars, complicated crossings, and a very large current consumption, 
would hesitate before deciding on a surface contact system. However, 
the inventors are to be congratulated on designing such an interesting 
and simple arrangement. 

Mr. E. S. SAUNDERS: I should like to ask the author if he will tell 
us the number of contact studs on the whole system. In the diagram 
shown, it appears that the shoes pick up current from only one stud. 
If this is so, when the current is broken there is bound to be a spark. 
I suppose that actually the collector is on two sides. I should like to 
ask Mr. Clegg if the ventilation of the ducts was arranged for from the 
start, as if this system was installed on a large scale, I think ventilation 
would be found a rather difficult task. In Lincoln, I believe, there are 
at least two places in the main street where trains cross at level 
crossings, and perhaps the author will tell us whether the railway 
company allow this system of trams to cross their lines. Also, I should 
like to know the current required to start the cars and also the running 
current. 

Мг. C. E. C. SHAWFIELD: I must congratulate Mr. Clegg upon 
having produced a very interesting paper, and although I propose to 
criticise some of his conclusions, nevertheless, I would say in the first 
place that I am entirely in agreement with some of the statements 
which he makes towards the end of his paper. On page 487 he contrasts 
the “С.В.” system with the overhead system, and points out that it 
fulfils the requirements of low maintenance costs, reliability, safety, 
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silent running, and sightliness, and I am of opinion that this may be 
said of any good surface contact system. There are, I am sorry to say, 
bad surface contact systems on the market, but with these I do not 
think we are concerned at the present time. The “ С.В.” system іп 
Lincoln has been running for some 3 years, and it has apparently 
proved itself to be at least as safe as thc overhead system. It is 
certainly more sightly, and the question of silent running will be 
admitted by all who have inspected it. As regards reliability, it may 
almost be said that even a second-rate surface contact system is 
superior to the overhead system. А previous speaker has said that 


. failures of the overhead equipment are rare, and it is quite possibly 


true that in the case of a thoroughly well-designed and installed system 
іп a large town breakdowns are rare. It is equally true that in a well- 
designed and well installed surface contact system they do not exist. 

Mr. Clegg has told us that he has not yet had a stoppage on the 
3 miles of track at present equipped with this system, which was in 
any way due to the electrical equipment of the track. I may supple- 
ment this by saying that during 7 years' running on 20 miles of track at 
Wolverhampton not one second's delay has been caused by any failure 
of the Lorain track equipment. | 

I do not think that the author was well advised in comparing his 
total costs of operation with those of the overhead svstem, having 
regard to the special circumstances which exist at Lincoln. From the 
point of view of power consumption one can hardly compare the 
Lincoln system with other towns as it consists of only one route, and 
that a very flat one, which, so far as my personal recollection of it is 
concerned, is operated at a relatively low average speed. It is, I 
believe, generally found that a high average speed of running means a 
comparatively heavy current consumption per car-mile, owing to the 
larger percentage of energy wasted in the brake blocks at stopping 
places. 

On one route of the Wolverhampton system the current consumption 
comes out at practically the same asthe lower figure given by Mr. Clegg. 
That, of course, may be only a coincidence, although it happens that the 
route in question is relatively a level one. All the other routes in the 
town are of a hilly character, and the current consumption thereon is 
considerably higher. The average current consumption per car-mile 
at Wolverhampton is 1°6 units as against 1:2 units for the flattest route. 
I hardly think, therefore, his figures for current consumption should be 
compared with figures obtained in other towns operating a more 
extensive mileage over varying gradients, and for the same reason his 
costs for repairs and maintenance can hardly be regarded as a fair 
basis of comparison with other undertakings. The maintenance costs 
at Lincoln for a period of 3 years, during a portion of which time 
the system was in the hands of the contractors, are not quite a fair 
criterion of what thev will be in the next 3 years. 

A previous speaker stated that the “G.B.” system is the best 
surface contact system at present in practical operation. I can hardly 


1909.] TRAMWAY MANAGER'S POINT OF VIEW : DISCUSSION. 509 


be expected to admit the truth of that contention, and I may as well 
state quite frankly that I do not regard the “С.В.” as the best surface 
contact system, because I do not think it is a good system, inasmuch as 
there are certain points in its design which I believe to be incorrect, 
and various details in connection with the installation might well be 
bettered. Nevertheless, I do think that it is capable of being improved, 
and that these improvements would have a marked effect on the 
maintenance costs. 

Returning to that portion of the paper which deals with the technical 
side of the question, I should like to have some further explanation with 
regard to the second paragraph of page 478. The author states that, in 
order to prevent short circuits taking place owing to the chains touch- 
ing the cross-rails at the same time they are in contact with the adjacent 
studs, the studs on each side of each cross-rail are split into two halves 
in their vertical length, which halves are bridged by a resistance capable 
of passing a maximum current of 40 amperes. This is a point I do not 
fullv understand, and I should imagine that if a car is passing over that 
cross-rail what would happen would be that one link of the collecting 
chains would be attracted down to a stud on one side of the rail, a stud 
on the other side of the rail would attract a second link, and the cross- 
rail itself would attract a third, so that you would then get a total 
current of 80 amperes passing from the line to the cross-rail, and the 
car equipment would be virtually short-circuited. I cannot see how 
such an arrangement would be at all practicable in the case of a 
cross-rail occurring half-way up a steep gradient. 


With regard to the causes of live studs, the carbons and the cable 


between them appear to be responsible for a very large proportion 
indeed, and this is entirely opposed to my own experience. The life 
of the carbons on the “G.B.” system seems to be extremely short. 
Some apparently have been worn out in about 12 months to 2 years, 
and the maximum life expected in future is only about 5 years. The 
nature of the trouble with the carbons is given as burning and break- 
ing, and it seems to me that that is largely due to the fact that the 
carbons have to make contact on the round metallic surface of the 
cable, whereas there appears to be no practical difficulty in interposing 
a second carbon between the iron cable and the upper carbon. І think 
that would at once do away with the possibility of the carbons sticking 
to the iron cable, and I believe it would also do away, assuming the 
right material be used, with the wear and tear of the carbons. 

My experience with carbon contacts on the Lorain system are that 
they are of an extremely durable character. The renewals of the carbon 
contacts due to burning or breaking is about one per annum out of 
some 11,000 studs in operation. Carbons that have been in constant 
use on a 24 minutes' service in the centre of the town for 7 vears are 
practically as good as when they were put in. A further reason for 
the fixing of a carbon contact on the cable itself is that the wear and 
tear on the cable would be done away with and there would be no 
necessity to move it periodically. This being so, it is quite unnecessary 
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for the cable to be installed in an open conduit, and there appears no 
reason why it should not be laid solid їп an earthenware trough, the 
carbon contacts fixed to it at the proper distances, and the working 
portion of the stud attached by means of a tee-piece as is done at 
present. That would practically do away with the question of leakage 
currents, and, I think, would be a cheaper job to instal in the first place. 

It appears to be an inherent defect in the “G.B.” system that the 
forces of gravity are acting against safety, that is to say, you are 
depending on the spring for the disconnection of the contact from thc 
cable after the car has passed. I do not see why the operation of the 
contact should not be reversed, so that instead of the magnetic field 
pulling the sliding-piece down on to the cable that piece might be 
electrically connected to the cable and be pulled upwards against 
gravity. Perhaps Mr. Clegg will tell me what is the total amount of 
force required in ounces or pounds to overcome the resistance of the 
spring, and it would be quite simple to calculate from that whether the 
existing magnetic field would be sufficient to lift the weight against 
the action of gravity. I think it will be generally admitted that springs, 
however well made, however well installed, and however carefullv 
maintained, will fail at times, and the records of the Lincoln ttamwavs 
show that these failures have occurred there in practice. On the other 
hand, I have never personally come across any instance where the force 
of gravity ceased to exert itself. It is about as reliable as anything I 
am acquainted with, and if gravity is always tending to pull contacts 
apart, it is very difficult to conceive how live studs could occur by 
carbons making contact when they are not intended to. 

As regards the question of safety, I think it is certain that with a 
single exception of the conduit system a surface contact system is the 
safest form of electric traction now in operation. There is no doubt 
that it is possible to get live studs, but from my own experience I do 
not consider that they are in any way a source of danger. It might be 
as well to say that so far as the Lorain system is concerned the term 
“live” stud is a misnomer, and they should more accurately be called 
“leaky” studs. Asa matter of fact, these leaky studs are really caused 
by leakage over the surface of the insulation in the interior of the cup, 
and although a static voltmeter would show an apparent pressure of 
500 volts above earth yet an ordinary type of voltmeter would probably 
only indicate 50 volts. In fact, it is not an uncommon thing when a 
leaky stud is tested with a double-scale Weston voltmeter to find that 
the pressure above earth will be indicated as 500 volts on the one scale 
and 5o volts on the other. It is evident, therefore, that the total amount 
of current that can pass under these circumstances is extremely small, 
and hence leaky studs of this type are no more dangerous than the 
ordinary medical induction coil. For the year ending December 31st 
last there were 52 live studs in Wolverhampton over 20 miles of track, 
giving an average of 2:6 studs per mile of track per annum. No 
attempt is made to locate these defective studs by means of any 
apparatus carried on the cars, and they are usually found in the course 
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of the ordinary inspection and testing. It might be interesting to note 
in this connection that all inspection, testing, repairs, and maintenance 
of 20 miles of the Lorain track equipment is carried out by three men. 
In the case of a well-designed and well-installed surface contact system 
it would appear hardly possible for any one to get a serious shock, but 
I do not think the same claim can be made on behalf of any existing 
overhead system. Іп conclusion, I would say that as a result of my own 
experience with the installation and operation by surface contacts of a 
fairly extensive tramway system, I would, if I had the choice, instal the 
Lorain system in any town of any size where absolute reliability of 
operation, safety to the public, and low operating costs were held to 
be of more importance than the first capital cost of the system. 

Mr. I. Е. Fawcett: As it is now some seven or eight years since I 
had anything to do with tramway work, I do not wish to discuss the 
paper from the technical side. I remember the surface contact system 
being laid in Lincoln, and I have had occasion to travel on the cars 
very often. When the system was laid down it seemed to be very 
easily and simply done, and there was certainly a great deal less 
trouble and inconvenience than with the London County Council 
system, Mr. Shawfield perhaps has not seen Lincoln, as most of the 
track is laid on a broad road and not in narrow streets as he imagines. 
The cars appear to run evenly, and it seems a very suitable system to 
me. As far as heavy traffic is concerned, I think that Lincoln gets a 
fair share of it. It resembles a manufacturing town more than a 
cathedral city, as there are a great many traction engines and lorries 
about, and when the road is clear and the vehicular traffic could go 
where they liked, they seem to prefer to travel down the track. 

Regarding the live studs, it is rather surprising that Lincoln have 
40 of these in a year on only 3 miles of track. In the case of a fairly 
large town, say, with 70 miles of track, this figure rises to something 
like 18 or 20 per week, which would be a rather serious matter. I 
understand that there are 1,800 studs on the system, and that means 
that 2°25 per cent. of the total number of studs go wrong in a year. In 
a town where the congestion happens at the crossings these live studs, 
I should imagine, would be rather an inconvenience to the tram traffic 
as well as to the ordinary traffic. Possibly when the “С.В.” system has 
been in operation for a longer period the number will be considerably 
reduced. I do not know that the number is very excessive. In towns 
where the overhead system is in operation they keep tower wagons in 
the streets, which I presume are not kept there for ornament, and I 
should think the trouble is no greater than with the overhead equipment. 

The overhead lines are certainly not put up for the sake of their 
appearance, but at the same time we have for many years been telling 
people that the overhead wires are not unsightly, and now it sounds 
rather absurd to say they are unsightly and advise an underground 
system. 

There is a point on page 488 I would like to mention. In the first 
place, the repairs and maintenance are 0%134. per car-mile for the 
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first twelve months, and for the following twelve months work out at 
1254. per car-mile. It is very clear from that that this item of 
expenditure has gone up instead of going down. It is, however, quite 
correct that the total figure for expenditure is less than the preceding 
twelve months. Mr. Shawficld has pointed out that there is one system, 
at any rate, which gives as good results as can be expected for a 
surface system, and there is room for others; and I think Mr. Clegg, 
as the pioneer of this new surface contact system, deserves our best 
thanks in having proved that the working of the “G.B.” system is 
satisfactory. 

Mr. W. GRIFFITHS: Having had considerable experience in the 
construction of tramways, more particularly from a commercial point 
of view, I would like to make a few remarks on the questions that have 
been raised by the various speakers. It is now 3} years since the 
surface contact system was inaugurated in Lincoln. Regarding the 
question of the replacing of the old cable and other new work being 
included in the maintenance of the line, or whether it should fall on 
the contractor's shoulders, I think it is a case where experience has 
taught us the necessity of altering the design. We all know perfectly 
well that there are many things which one designs and which works 
very well indeed at first, but when put into actual commercial use 
some little alteration is required, and that little alteration may, unfor- 
tunately, be expensive. 

Regarding the maintenance clause in the contract, I might say that 
the permanent way maintenance was for 12 months, whereas the 
upkeep of the system was guaranteed for ro vears, viz., that the cost of 
maintenance should not exceed £30 per mile of track per annum. 
With regard to the current consumption, there is no question that 
in Lincoln the cars do not run at a very fast average speed, and 
the running is interfered with by the numerous stopping-places. 
There are four compulsory Board of Trade stops at each side of two 
level railway crossings on the route, which seriously interfere with the 
tramway traffic. 

With reference to the renewals, as a matter of fact the only thing 
that was done by the contractors was to reinstate the cable, and also 
rectify the damage that was done to the studs by the stranded cable 
that was pointed out bv the author. 

Respecting the comparison which Mr. Clegg made of the cost 
between the “G.B.” system and the overhead system, it was suggested 
that we ought to take a similar length of track. It may be pointed out, 
however, very fairly here, that the length of line on the overhead 
system would have had the advantage of 10 years’ experience, which 
could not be said of the system in Lincoln, so that on this account the 
reinstatement, or, rather, the putting in of sleeves for the cable, is not 
a question of maintenance but is a matter of improvement in design. 
and which once done will not cccur again. 

There was one point in the discussion when the paper was read in 
London which was not made quite clear. The pony which received a 
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shock when the current Was first turned on to the line did not receive M 


this shock due to faulty working on the system in any sense, and the 
condition of the stud on which it stood was not the result of running a 
car over it, as по car had been run out of the shed up to that time. И 
the pony had been a few minutes later a car would have been run over 
the stud, and it would infallibly have been detected and guarded ; but, 
as it was, the stud was faultily laid, and became live as soon as current 
was put on the line. The pony stood on it before the car came up to 
it, and, as remarked in London, the pony is still at work. 

Mr. B. H. BEDELL: Some of the speakers have dealt with the 
subject more from the design than from the tramway manager’s point 
of view. Mr. Clegg will, perhaps, pardon me if I take it upon myself 
to answer some of this criticism. One very interesting point has been 
raised, namely, that of “gravity control" for stud switch mechanism. 
It has been said that gravity is superior to spring action for restoring 
the stud to its non-working position. There was, however, one speaker 
at any rate who stood up for the well-designed steel spring, and rightly 
so, for at Lincoln there has been no cause to modify that portion of the 
equipment. Quite apart from that, however, there is a very important 
reason why a spring is preferable to gravity control. With a spring 
one can easily adjust the stud switch mechanism so that a state of 
equilibrium exists such that an infinitesimally small force will suffice 
to begin to close down the switch. 

With gravity control this advantage cannot be secured, since 
gravity is a constant force ; and therefore a switch-piece which weighs 
IO 02. when it is on its bottom seating requires to be acted on by a 
force of something over 10 oz. before it begins to move; one must, 
therefore, employ as great a force when the switch is wide open as it 
is required to make good contact when it is closed. It is clear that 
this is an unsatisfactory arrangement for working a magnetically 
operated switch, for it is extremely difficult to devise a magnetic 
pull mechanism which shall not very rapidly increase in strength as 
the iron parts approach each other. In all gravity control systems 
which have been devised that.defect exists. The force is very much 
greater at the moment when the switch is closing than there is any 
need for it to be, and a great amount of excitation is needed to move 
the switch when it is wide open. The Lincoln line proves that our 
arrangement takes less energy for magnet excitation. 
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I was much interested to learn that in another surface contact ` 


system “live studs” never existed in the sense of studs which remain 
connected to the line cable. There are live studs on that system, but 
due to leakage over the insulating surface separating the line conductor 
from the stud-head. It is a comparatively high resistance, and appa- 
rently horses do not mind taking 500 volts, providing they are more or 
less “broken in” by the interposition of some resistance. This was 
not always the case, if one may judge by the happenings in the early 
days of that system; but I understand those first troubles have been 
overcome, and it is very encouraging to hear that a surface contact 
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system that has been in operation so long bas managed to improve so 
much from its early stages. One feels that if a few more engineers 


` were concerned in the designing of these systems it might verv 


possibly become quite a respectable thing to be connected with, and 
would probably be as respectable and as workable as the overhead 
system is to-day. 

When the overhead system was first put in stories used to be told 
of the difficulty in simply keeping the trollies on the line even on 
a perfectly straight bit of track. This, of course, was something like 
20 years ago when it was in its infancy. 

If some experiments could be undertaken on the lines of the sug- 
gestions that have been made to-night some very interesting and uscful 
results would no doubt follow. 

I would like to refer to the use of double carbon contacts. I have 
tried many types of carbons made in this country and elsewhere, and 1 
must say that the rate of wear with two carbons together seems to be 
as nearly as possible two-thirds greater than with one carbon and one 
metal contact. The reason, I think, is not very difficult to find, since 
in the case of a double carbon contact there is practically no means 
of conducting away the heat generated at the point of contact. The 
wear on the carbons is not, as some people imagine, due to arcing, but 
is caused by the occasional heating to redness of spots on the carbon 
face. These will then slowly oxidise away. It is almost impossible to 
get a carbon absolutely uniform in texture, hence the local heating I 
have mentioned. Apart from this cause of wear a certain amount of 
carbon gets ground off by purely mechanical action. I was very 
interested and surprised to learn that carbons can be obtained which 
last for an apparently indefinite time. One speaker suggested that 
perhaps the cable sleeves were galvanised on account of the non-arcing 
properties of zinc. This is not the reason, as we have nothing to fear 
from arcing ; and, in any event, we should not gain much from a thin 
coating of zinc. 

The galvanising is used as a protection for the iron, and if, as 
suggested in some localities, this was found to be insufficient by itself, 
there would be no objection to further giving the cable some coats of 
“ bitumastic solution " or “ Ohmaline,” or any other protective covering, 
since with 500 volts across it anything of this sort would break down 
where required at the points of contact with the studs. 

Mr. S. CLEGG (in reply) : As Mr. Hird supposed, it would be perfectlv 
easy to equip cars for running both on the surface contact and the 
overhead system in conjunction, and the change-over from one to the 
other would not even necessitate stopping the car. The conductor 
could put the trolley on the overhead wire, and at the same time 
the driver would cut out the “G.B.” magnets and battery. 

Contrary to Mr. Sayers' idea, the surface of the roadway over 
the route of the tramway is not at all porous, being composed of 
tar macadam, and therefore there is the greater liability of any 
escaping gas getting into the conduits. 
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So far as Lincoln is concerned, I should not, as mentioned by 
Mr. Sayers, propose to move the individual sleeves of the new type 
of cable in order to get a longer life, as I consider, as explained 
in the paper, that we could obtain 14 or 15 years’ wear simply 
by moving the whole cable between access boxes along some 
3 in. at a time at intervals of about twelve months, thus giving 
the carbons fresh bearing-places on the sleeves. As showing that 
the sleeves do not readily stick on the cable, we took out ап ехрегі- 
mental length, after it had been in the conduit 15 months, and 
found that the various units of fhe sleeving could be moved round 
on the cable perfectly easily. 

I do not think there is much danger that the conductivity between 
the sleeving and the cable, at the point where the current is collected, 
will materially deteriorate, owing to the fact that the supporting 
insulator is immediately under this point, and that there is a pressure 
between the sleeving and the cable represented by the weight of 9 ft. 
of the cable. 

Mr. Sayers considers that as our present route is flat and without 
awkward curves, our consumption per car-mile might have been 
considerably reduced with suitable motors. I quite agree with this, 
but would point out that on the scheduled routes in the city which 
have yet to be electrified, there will be’some very sharp curves, and 
in addition, some very steep gradients, so that in ordering cars for 
this route it was necessary to specify that they should be capable of 
negotiating our other routes with reasonable speed, which therefore 
entirely obviated such excellent results as arc obtained at a place like 
Peterborough. 

In reply to Mr. Hame, we have no apparatus at present on the 
cars for indicating whether, in the case of being momentarily unable to 


start a car, it is due to a dead stud or the supply being cut off at the 


works, but this so seldom happens that it is of no consequence. 

In reply to the other point raised by Mr. Hame, I have brought the 
list of live studs up to date, that is, up to the end of January, 1909. 

Dr. Thompson has stated that in the olden days, drivers of ordinary 
vehicles avoided the tramway tracks of surface contact systems ; in 
Lincoln the facts are quite the reverse, which is a good proof of 
the confidence they have in the safety of the “С.В.” system. This 
is further proved by the fact that since the tramways have been 
in operation there has been no accident whatever due to the 
“G.B.” system, and it is somewhat strange that the only accident 
that has happened with this system should have been when, for 
the first time the current was put on the depot end of the line for 
testing purposes, there happened to be one live stud due to the carbon 
not having been clipped up to the spring when fixing; it is still 
stranger that at that moment a pony should have been standing 
on that particular stud. It is satisfactorv to relate that the animal, 
as far as I am aware, is still alive. 

Dr. Thompson has said that the “С.В.” system ought to be 
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compared rather with the conduit than with the overhead, but I 
should prefer to compare it with the latter, as the difference in first 
cost between the “С.В.” and the former is absolutely prohibitive 
for small cities like Lincoln, and, in my opinion, is hardly warrantable 
even in the larger cities. 

Replying to Mr. Cooper's communicated remarks, the sketch in 
the top left-hand corner of page 477 of the paper clearly shows the 
connections of the safety device, where S indicates the contact 
brushes, which consist of flexible brass wires threaded through a 
wooden head, which latter is slung in a flexible manner from the 
car buffer ; the wire connection is taken from the metal part of the 
brush to the tripping coil T in the diagram. We have found 
no difficulty whatever through the detector device catching any of 
the studs before they have had time to become dead, even up to 
speeds of 20 miles an hour, save in the one exceptional case 
mentioned in the paper, where salt had been used on the track for 
the purpose of melting snow. 

Mr. Blackburn, in calculating his figure of £3,800 per annum 
as the extra cost for electricity to Manchester were they to instal 
the *G.B." system in lieu of their present overhead, has made the 
presumption that the energy required for exciting the magnets rises 
with the total energy used, which is, of course, a fallacy. It is true 
that the energy required on the Lincoln cars is 277 per cent. of the 
total driving energy, but there would be no difficulty in maintaining 
the same excitation wattage in designing collector equipments for 
a city like Manchester, in which case the percentage of power 
required on the total of r7 units per car-mile taken at Manchester, 
would only be 1:7 per cent., or a total of 42,400, being 37 per cent. 
less than the figure estimated by Mr. Blackburn, a not exorbitant 
hgure—presuming that further years’ working with the “С.В.” 
maintains the figures already obtained—to pay for the sightliness of 
the streets. 

Mr. Blackburn states that the cost of repairs at Lincoln is excessive, 
but it should be remembered that the car shed has had to be arranged 
to take the number of cars which would ultimately be required, when 
the remaining schedule routes are electrified, and that therefore the 
present costs of management, сіс., at the shed, are considerably higher 
proportionally than they will then be. It is very difficult to state the 
extra cost at the car-shed for handling “С.В.” equipments; un- 
doubtedly the cost is greater at such times as it is necessary to take 
out armatures, etc., and clean out accumulators, but as this, fortunately, 
is not a frequent occurrence, the total expense is not great, and 
certainly has not necessitated any addition to the staff. 

The trouble experienced with the chain collection, owing to the 
chain tightening in wet weather, has entirely disappeared since the 
cores of the wire ropes were impregnated with linseed oil, but I 
would point out to Mr. Blackburn that the effect of this variation 
in the length of the chain was only to cause excessive sparking, 
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and did not in any way delay the service, and could not therefore 
be classed as anything mitigating against reliability. 

Mr. Rogerson, among other points, stated that the comparison made 
іп the paper between the results obtained on the “С.В.” system and 
those on the overhead was not a fair one, owing to the fact tbat the 
“С.В.” system had been running for a comparatively short time only. 
I, of course, am bound to agree that there is some truth in this remark, 
and that a reliable figure for expenditure of upkeep is not obtained 
until a system has been in use for several years. One can only, 
however, get any idea of results by comparison, and, as Mr. Griffiths 
has just said, supposing one could get the figures of the original over- 
head system installed in this country, for its first two or three years' 
operation, I think those obtained in Lincoln would be immensely 
superior, and I am sure that on the point of reliability there could be 
no two opinions. 

The wear on the original type of cable installed was due largely to 
the indifferent contact which would be obtained between the plain 
surface of the carbons and the corrugated surface of the stranded 
cable. The result was that the carbons eventually took the impres- 
sion of the strands, but before this could happen, a considerable 
wasting of the cable had taken place. Several of the worst burns on 
the cable were caused by some trouble that was experienced with 
the insulating supports of the car magnets: these consisted of 
creosoted pine bearers, which were held up to the car trucks by 
W.I. hangers ; the collector magnets were supported from the bearers 
in the same way. At one point on each bearer, one of the bearer 
supports, which was, of course, earthed on to the truck, and one of the 
magnet supports, which was alive, were within a few inches of one 
another. The first few wet days soon proved this arrangement to be 
unsatisfactory, as the mud thrown by the wheels settled on the bearers, 
and the creeping which took place soon resulted in a dead short across 
the hangers. The points on the cable from which the cars were taking 
their supply at these times were very badly burnt, in most cases the 
outer layer of the strands being bitten right through. Insulated bolts, 
similar to those used for straining up span wires on the overhead 
system, were substituted for the bearer hangers at these points, 
entirely getting over the difficulty. 

The plain surface of the new cable has also greatly obviated the 
excessive wear which took place with the old type, as is proved by the 
fact that it is not now necessary to move the cables more than once 
every twelve to fifteen months. 

Replying to Mr. King, the Lincoln cars are standard size four-wheel 
cars, with radial trucks and 8 ft. 6 in. wheel bases, having a seating 
capacity for 58 passengers, and weighing, unloaded, exclusive of the 
“С.В.” apparatus (itself 25 cwt.), from 8 to 84 tons. 

Mr. King also referred to the method of collection, and thought 
that dirt, sand, and pebbles would make a difference to the collecting 
apparatus. This is not so, however, as ] have personally driven the 
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cars when I have not been able to see the studs, owing to the road 
being covered with a layer of mud; the chain, however, found them 
without fail. 

There is no likelihood, as suggested by Mr. King, of heavy trafhe 
in the nature of traction engines, etc., forcing the studs down below 
the road level, as any one who examines the cross-section of the “С.В.” 


construction will see, the stud head having a direct bearing on the 


bottom of the slot cut for it in the granite block, the pitch only being 
run round the open spaces to keep out surface water. 

I was glad to hear the same speaker state that nowadavs the 
current was very rarely off an overhead system ; this certainly was not 
the case some ten years ago, in the days of single insulation, when it 
was no rare thing for a faulty insulator to *short" the line. The new 
8-section trolley wire has also been a very useful improvement, and 
will, where it is in use, account for immunity from breakdown at the 
supports. 

The leakage test on a surface contact system will naturally be 
greatly inferior to that of an overhead system. I only mentioned it 
as showing that it was not a commercial item. 

Mr. Saunders thought that were the “С.В.” system installed on a 
large scale, there would be difficulty in ventilation. I think, however, 
this could be easily managed by splitting the system up into sections, 
which could be ventilated separately, and also by the use of natural 
ventilation by means of ventilating columns. 

The amount of current required for starting and running the cars is 
in no way in excess of that on the overhead system. On starting on 
series, the ammeter swings up to about 50 amperes, settling down to 
20, and to 60 to 70 amperes on parallel, settling down at 40. 

I must congratulate Mr. Shawfield on the good results he is getting 
on his line at Wolverhampton. He is quite correct in pointing out 
that the route we have equipped in Lincoln is an ideal one for the 
purpose of experiment owing to its flatness. The current consumption, 
however, would have been smaller but for the fact that there are two 
railway crossings on the line, on each side of which, when approach- 
ing, there are Board of Trade stops, and also a somewhat excessive 
number of request stops. The result is that we are not able to average 
a speed of more than 7 miles per hour, though there is no reason, 
as far as the system is concerned, why half as much again should not 
be obtained. 

Regarding the cross-rails to which Mr. Shawfield referred, I would 
point out that these, at the centre of the tracks, are manganese steel, 
and there is therefore no magnetic attraction between the collector 
chain and the rails, nor do we find in practice that the chain has any 
tendency to make contact. It is our practice, particularly in the 
evenings, on account of the lighting of the cars, to coast over these 
points, as otherwise the amount of current passing through the resist- 
ance would cause a drop in voltage, and dim the lights, more than 
now, unfortunately, occasionally takes place for the reason explained 
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in the paper. This regulation also forces the drivers to go com- 
paratively slowly through the junctions, thus lessening the wear and 
tear on the cars. 

We have had practically no trouble with the carbons sticking to the 
cable, a fact I attribute altogether to the “ knock-off ” action which is 
arranged in the stud switch-piecc. 

Replying to Mr. Shawfield's remarks re the life of the cable, I 
consider our new type is practically everlasting, as at the end of the 
fourteen years, which I have estimated as the life of the sleeves, new 
ones can easily be threaded on and the cable used over again. The 
force required to overcome the springs of our studs and bring the 
carbon down to the cable is 11} oz. 

I am obliged to Mr. Fawcett for his kind remarks about his 
experience on the Lincoln tramways, but am sorry that it was bad 
trade that led him to ride so much on the cars. 

On the question of live studs, Mr. Fawcett took the case of a system 
with 7o miles of track, on which he said that, taking the 40 which 
occurred in Lincoln during the last year, there would be at the same 
rate some 3,000 a year, ог бо a week. І do not, however, quite follow 
him, as I make the number about 18 a week, which I do not think 
would cause any great inconvenience. Further, I consider that as 
time goes on, and greater experience is obtained of the system, these 
live studs will be very largely prevented. 

I cannot agree with Mr. McMahon that in a properly ventilated 
conduit a galvanised iron cable would be rusted over in twelve months, 
no matter how bad the atmosphere of the place, as we have found that 
electrolytic action at a point where a sagging cable has been in contact 
with any water in the conduit, is the only cause of rusting of the 
cable. 

Some of the speakers who knew Lincoln and the route which is at 
present electrified, said that had the overhead wires been adopted, they 
would not, at least in this part, have proved unsightly ; in that they are 
probably right, but I was referring more to the ultimate extensions 
which will, in the ordinary course, take place where in many places 
the overhead wires would entirely spoil certain ancient architectural 
features. 

Mr. Benton raised the question of track replacement : this, I hope, 
as far as Lincoln is concerned, is looking several years into the future, 
but he is no doubt right that this can be done very much easier with an 
overhead system tramway, owing to the ease with which the traffic 
could be worked over temporary track, without making any alteration 
to the supply. With the “G.B.” system on a large tramway, it would 
be necessary for much of the work to be done during the few hours in 
which the cars were not running, though on a small system like that 
at Lincoln, much can be done in the daytime without disorganisation 
of the service. 

The insulation test referred to by Mr. Yerbury is taken in exactly 
the same manner as on the overhead system, the line being charged, 
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all cars in our case having their magnets unexcited, to correspond with 
the trolleys being taken off the overhead line, or, which comes to thc 
same thing, the car-shed being cut off the system. The test is, of 
course, the resistance between the live cable and carth, as the stud 
switch-piece could only be tested separately. 


A vote of thanks to the author was carried by acclamation. 


ndo E 
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Proceedings of the Four Hundred and Eighty-Seventh 
Ordinary General Meeting of the Institution of 
Electrical Engineers, held in the Rooms of the 
Institution of Civil Engineers, Great George 
Street, Westminster, on Thursday evening, 
January 28, 1909—Mr. W. М. Моврку, Presi- 
dent, in the chair. 


The minutes of the Ordinary General Meeting held on Thursday, 
January 14, 1909, were taken as read and confirmed. 


The list of candidates for election into the Institution was taken | 
as read. 


The following list of transfers was announced as having been 
approved by the Council :— 


TRANSFERS. 


From the class of Associate Members to that of Members :— 


T. W. Bloxam, B. Longbottom. 
A. D, Constable. James Lowson. 
«А. L. Е. Drummond. W. J. U. Sowter. 


H. W. Wilson. 


From the class of Students to that of Associate Members :— 


C. G. Friedeberg. | R.B.Perring. 

Robert Hodge. , С.Р. Richards. 

J. S. Lazarus. | M. H. Roffey. 

Edward S. Moulden. L. G. F. Routledge. 
A. T. Scorcy. 


Messrs. H. Brazil and C. W. Smith were appointed scrutineers 
of the ballot for the election of new members, and, at the end of the 
mecting, the following were declared to have been duly elected :— 
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ELECTIONS, 


As Associate Members. 


Edwin John Johnson. 
Thomas Gilbert Jones, M.Sc. 
William George P. MacMul- 
drow. | 
Debendra Nath Mallik. 
Alan Ralph Oxley. 


Col. Keshore Narsingh Rana. 

Lieut. Eric Gascoigne Robinson, 
R.N. 

Henry Bernard Stone. 

Wilfrid Walker. 

Percy Stephen Wentworth. 


William Wellesley Wood. 


As Associate. 
The Rev. Francis William R. Metcalf, M.A., R.N. 


As Students. 


Benjamin Abel. 

Frank Embleton Allen. 

William Bacon. 

Frank Bailey. 

George Edward Bairsto, B.Sc., 
B.Eng. 

William Henry Barlow. 

Adrian Elliot Barter. 

Russell Howard Bartley. 

Biharilal Batra. 

Henry Bedson. 

Ralph Beeson. 

Donald D. Belcham. 

Hugh Dore Victor Bindon. 

Philip Roy Blamey. 

Harold Bond. 

Harold Charles Bowen. 

Ernest John Brunning. 

Edward Victor Buchanan. 

Malcolm Archibald Bulloch. 

Walter Beckwith Burford. 

Gerald Sidney Cattell. 

Robert George Cole. 

Harold Preston Coles. 

Henry Godfrey Dashwood. 

Richard Hill Asperne Deane. 

Manuel de Castro. | 

Jorge Antonio José De Mello. 

Reginald Ernest Dickinson. 

John William Dodds. 

William Eccles. 

Owen Evans 


George Yalden Fraser. 
James Stewart Geddes. 
Alexander Burgess Geddie. 
Mahyarji Ratonji Ghadiali. 
Alfred Oscar Gilby. 

Frank Goble. 

Clifford Walter Goodram. 
John Horatio Goodwin. 
Gilbert Graham. | 
Douglas Harold Green. 
Walter Clark Grifhth. 
Denys Huntingford Hammonds. 
Charles George Hawes. 
Herbert Clifford Healcy. 
Frank Bertram Holt. 
Charles Gordon Huntley. 
James Cochrane Hutton. 
Thomas Bertram James. 
Edward James Jarvis. 
Frederick George Ketelbey. 
Edward Philip Knill. 
Edwin Percy Larkin. 
Clarence Harold Lauth. 
Seymour William Leslie. 
William Logan. 

John Noel Cox Luxton. 
Patrick A. McGee. 

Dennis John McHatton. 
Neil McPhee. 


. Ernest Marks. 


Ralph Otway Martin. 
Camille Nicholas Mathieu 
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Walter Midgley. Geoffrey Stanford Seabrooke. 
Norman Mitchell. Randolph Branch Sennitt. 
Richard Jones O'Brien-Owen. Ardesher R. Setna. 

William Emlyn Owen. William Smethurst. 

Ernest Vincent Pannell. | Arthur Hugh Smith. 

James Parkinson. Stanley Livingston Smith. 
George William Pearson. Algernon Charles Sparks. 
Edward Peck. Adolf Robert Stelling. 


Christian Erick Penn. | Robert Stephen. 

William James Picken. | Victor Fraze Stephens. 
Norman Crawford Pimm. Kai Sung Sung. 

Henry William Powell. Harry Kramer Trechmann. 
Rowland Henry Rawlinson. Basil Ackroyd Turkhud. 
David Dyson Rayner. ; Julius Montague Webster. 
Ernest Leopold Reinert. | Herbert Trowbridge Werren. 


John Cameron Rennie. John Robert Arthur Willey. 
Cuthbert Lockyer Roberts. Donald Shipton Wood. 
Henry Willoughby Dennis Rock. Walter Ashley Wood. 
William Disney Roe. Walter Alfred Wordley. 
Nagendra Nath Roy. Arthur William Wouldham. 
Louis Lingg Ruderman. Le Hang Yaou. 


Stanley Douglas Zossenheim. 


Donations to the Library were announced as having been received 
since the last meeting from Major W. A. J. O'Meara, C.M.G., the 
Physikalisch-Technische Reichsanstalt, the University of Wisconsin, 
the War Office, Н. E. Wimperis; to the Building Fund from S. Ever- 
shed, J. C. Smail, A. von Boschan, A. Wright, H. Handcock, A. H. 
Dykes ; and to the Benevolent Fund from S. Evershed, S. Insull, H. W. 
Kolle, Sir Н. C. Mance, C.I.E., C. C. Paterson, W. C. P. Tapper. J. С. 
Wilson, to whom the thanks of the meeting were duly accorded. 

A paper (see page 524) by Dr. E. Rosenberg, entitled * Parallel 
Operation of Alternators,’ was read and discussed 

The meeting adjourned at 9.45 p.m. 
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PARALLEL OPERATION OF ALTERNATORS. 


By DR. E. ROSENBERG, Member. 


(Paper received. from the MANCHESTER LOCAL SECTION, December 20, 
1908, read in London оп Fanuary 28, and al Manchester on January 


28, 1909.) 


The question of alternators working in parallel, although, of course, 
not new, has not been so widely discussed in this country as abroad. 
This seems rather strange, and it indicates not a want of interest but a 
want of necessity. The problem in itself is just one of the innumer- 
able problems of oscillation which the mathematician treats with a 
very well-known simple differential equation, and from the mathe- 
matical point of view there is not the slightest difference between the 
phenomenon of alternators working in parallel and the phenomenon 
of any other oscillation. 

The interest of the engineer begins only when difficulties occur, and 
what the mathematician has developed in two pages of his book means, 
converted into practice, months and months of “ сиё and try," and а 
three-cornered, passionate fight between customer, engine-maker, and 
dynamo-maker. Therefore, if this question has not been fully argued 
in the British technical press, we may assume that the problem has 
not had much actuality in this country, except in a few cases. 

We shall see later that the absence of such experience is mainly due 
to the use of the high-speed engine so popular in this country, and that 
by applying a great number of revolutions in steam engines, as well as 
in gas engines, the makers, quite unknowingly and unintentionally, 
kept far from the point where the critical relation between the oscilla- 
tion of the alternator and thc impressed oscillation of the crank 
mechanism begins. 

It is well known that the phenomenon of hunting in alternators 
occurs mainly under the condition that the alternator is subjected to 
regular impulses occurring at intervals nearly equal to the natural 
period of oscillation of the alternator. In this respect nearly all 
authors agree. The practical difficulty is only to find out which kind 
of impulses are dangerous, and which kind do no harm. I do not 
know from personal experience of any cases where the governor of 
the steam engine caused the dangerous impulses, although such cases 
аге on record. ‘Those that have come to my knowledge could, nearly 
all of them, be explained by the regular impulses of the crank 
mechanism. 

The torque diagram of a steam or gas engine can always be repre- 
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sented as a serics of waves irregularly formed, but nearly regularly 
repeated at constant intervals. For the purpose of calculation, it is 
always possible to analyse the diagram of an engine. If we consider 
the time of one revolution as a fundamental period, then we shall find 
that in all well-balanced steam engines the fundamental wave is only 
very small. The main waves with the biggest amplitude are: In a 
single-crank engine the second harmonic ; in a double-crank engine 
the fourth harmonic; in a thrce-crank engine the sixth harmonic. 
Besides these all other harmonics up to a very high order exist. 

It might be supposed that the analysis of a diagram, which in itself 
is not known before the machine is finished, and even on a finished 
machine can be taken only roughly, is too difficult a thing to base cal- 
culations upon. That would be true if we really had much to do 
with the value of the harmonics of this diagram ; but that is not the 
case. What we are concerned with is simply the fact that such 
harmonics exist, and we shall see that the higher harmonics hardly 
ever are to be considered as far as the danger of hunting is concerned. 
For us the only important fact is, that except where special pre- 
cautions are taken, we nearly always must be prepared that a funda- 
mental wave exists—that is, that due to insufficient equality between the 
impulses on the two sides of a double-acting piston, we have an 
impulse, although small in its actual value, the period of which is the 
full time of one revolution. If the static balance of the weights in 
a machine is not perfect, then the unbalanced weight gives in itself also 
an impulse varying exactly like a sine wave with a periodicity of a 
whole revolution. By perfectly balancing the weights as well as 
the steam cylinders, we can reduce the fundamental wave to a very 
small amount, although it will never disappear completely, and will 
have different values at different loads. For although we may be able 
to make the steam distribution perfectly equal on both sides of a piston 
for one certain load, yet we shall never succeed in making it и 
equal for the whole range of possible loads. 

The impulses of $, $, 3, ctc., revolution are, of course, іп them- 
selves much more important, but the electrical engineer has hardly 
ever to trouble himself about them, because they are well looked after 
by the mechanical engineer in designing his flywheel. They are the 
main factors that determine the flywheel effect if the flywheel is laid 
out for any standard cyclic irregularity. 

In the gas engine acting in 4-stroke cycles, if we have a single 
piston, single-acting, then, of course, the fundamental wave and the 
wave of the greatest importance has the periodicity of a double revolu- 
tion. But also if we have a double-acting engine, perhaps even with 
many cranks, we must always be prepared to find this fundamental 
wave again, although in a much smaller degree. However well 
regulated a gas engine is, the fundamental wave cannot completely 
disappear for every load. 

As soon as we know that the torque diagram can be represented by 
such a super-position of simple sine waves of different periodicity, at 


е 
е 


526 ROSENBERG: PARALLEL OPERATION [Jan. 28th, 


the same time we know also that the laws applying to harmonic 
movement and the rules concerning super-position can be applied. 

In practice we often have the case that machines of different speeds 
are running together. Turbo-generators, for instance, have to run in 
parallel with reciprocating sets. In this case it is not sufficient to 
avoid equality between the natural oscillating period of the machine in 
question with the impulses due to her own engine, but also with the 
impulses of the engines driving the other sets. 

A synchronous machine, in order to give watt current to, or receive 
watt current from, another synchronous machine must lead or lag. 
Suppose we mark the centre line of a north pole of two parallel 
running machines, and call them the vectors of the corresponding 
machines, then if the vectors OA and OB coincide, no current will 
flow from one machine to the other, provided the two E.M.F.'s are 

equal. The length of the vector may also represent the 

—— effective E.M.F. If the E.M.F.'s are unequal, then their 
difference is working in a circuit consisting merely of 
the windings of the two machines in series. These wind- 
ings have a great self-induction and a negligible resistance, 
and therefore the current will be nearly at right angles 
to the resultant E.M.F.—i.e, for coinciding vectors also 
at right angles to the E.M.F. of every machine. In other 
words, one machine gives wattless lagging current and 
the other receives wattless leading current. The wattless 
current is of no interest to us. It does not mean fluctua- 
tion of power, and therefore, in our future consideration, 
we had better consider only machines that are equally 

О excited, the vectors being equal in size. 
Fic. 1. If the vectors are shifted (Fig. т) Бу an angle a, OA 
being the leading vector and every vector having the 
value E, then the resultant E.M.F. is represented by the line between 
A and B. | 


м ~a . € 
Ев = 2 Е Уп 2 


The current produced in the circuit being nearly at right angles 
to this resultant has an angle of nearly E to each of the components, 


and being a small angle its cosine is nearly unity. Thercfore it means 
nearly true watt current. The leading machine is generating, the 
trailing machine motoring. 

It is not necessary to develop separate formulz for single and poly- 
phase machines. Although we have mainly polyphase machines in 
mind, we shall only consider a single phase in our formule. The 
formule also apply to polyphase machines, with the modification 
that current then means the “virtual” or “total” current. 

In order to figure the current produced by the resultant E.M.F. 
Елв, we will assume that the apparent self-induction of the machine 


1909.) OF ALTERNATORS. 597 


is approximately constant, independent of the excitation and load. We 
will call the apparent self-induction the quotient of the Е.М.Е. on no 
load, and the short-circuit current for the same excitation. Now, let us 
assume that the machine represented by the vector OA has infinitely 
greater power, say for practical purposes 1,000 k.w., whereas O B may 
belong to а roo-k.w. machine. Then the self-induction of the larger 
machine is negligible compared with that of the smaller machine. 
Suppose both were running in parallel, and we take the excitation 
off the larger machine. Then it would mean a dead short circuit 
for the smaller machine, and the current would practically be equal to 
the current we get when short-circuiting the small machine by a 
copper bar placed across its own terminals. The apparent self-in- 
duction of the set in this case is therefore represented by the quotient 


% 


of 1: if I, represents the short-circuit current for the excitation that on 


open circuit produces the voltage E. Therefore the voltage— 


` . « а 
Ель = 2 E sin 5 
will produce a current 


. a 
1=1,.2 sin -. 
2 


It is quite different if we assume both machines to be of the same 
size, and therefore the same self-induction. In this case, taking off the 
excitation of one machine would mean a short circuit with single 
E.M.F. and double self-induction, and therefore the current would be 
just half of the iformer case. In fact, in order to get the full short- 
circuit current of an individual machine flowing through both 
machines, it would be necessary to parallel the two machines fully 
excited dead out of phase. Then the double E.M.F. shorted on the 
double self-induction would generate the normal short-circuit current. 

It is self-evident that the short-circuit current I, is not only 
dependent on the voltage of the busbars. If both machines are 
excited for full inductive load, say with an exciting current 30 per 
cent. above the no-load excitation, then the short-circuit current will 
be 30 per cent. higher. If, however, only one machine is excited for 
full load, whereas the other is running light, the short-circuit current 
will be only about 15 per cent. in excess of the lower value. Therefore 
all values between тоо and 130 are possible, if тоо represents the 
short-circuit current corresponding to no-load excitation. 

The synchronising output is represented in the case of two equally 
excited machines by— 


Г, = ЕТ cos $= EI, 2 зіп 5 cos 2 == ЕІ, sina E I, a, 
the latter equation being valid for small values of the angle a. 

If в means the angle between the machine vector and the net vector, 
then, fortunately, it is not necessary to distinguish the value of T, accord- 


928 ROSENBERG: PARALLEL OPERATION (Jan. 28th, 


ing to the self-induction of the second machine, but we can then define 
I, as the short-circuit current of the machine in question short-circuited 
across its own terminals for the same excitation ; for, in most practical 
cases, we have not two machines simply connected together and chang- 
ing synchronising output, but the machines besides give a useful output 
(taken as constant for this consideration) to the line. Then the syn- 
chronising output for each machine is only the difference between the 
momentary output corresponding to the momentary displacement and 
the normal output. We can represent the net by a vector too, and it is 
fortunate for our investigations that the fiction of a net vector without 
self-induction covers practically the whole ground. Suppose we had a 
single synchronous machine running on a lighting load; then the 
output of the machine is independent of the momentary displacement 
of our machine vector, and therefore we would represent the net by a 
vector lagging a certain fixed angle behind our machine vector, and 
oscillating in synchronism with it if our machine vector oscillates. 
Now if we have two machines running in parallel and feeding a net 
the net vector will have a constant lag behind the resultant of the two 
machine vectors. If the two machines in question are of equal size 
(with the same self-induction), then the resultant of the two machine 
vectors will coincide with the symmetry line of their angle. Let us 
assume the net vector and the symmetry line to be revolving at constant 
speed, then the synchronising output that formerly was represented by 
the formula— 


LISE Fa, 
2 


where А was the short-circuit current of the system with double sclf- 


induction, can now be represented as— 
L,=E1,°=El, e, 


where о represents the displacement of our machine vector towards 
another vector running in synchronism with the net vector. e, which, of 
course, is variable, being now positive and then negative, may be called 
the oscillating displacement. 

There are, however, exceptional cases where the last-mentioned 
formula gives too high a value. If the net is represented by a single 
synchronous motor, having the same size and same self-induction as 
the primary machine, and fitted with a very heavy flywheel—say infinite 
flywheel effect—then the net vector is rotating at a constant speed. 
The short-circuit current is only half of the natural short-circuit current 
of one machine, and the value of the above formula should then be 
divided by 2. 

Now we will consider a machine with constant load and driven by 
an engine, the torque of which can be represented by a constant torque 
and a superimposed oscillating torque, the amplitude of which we will 
call M. Тһе periodicity of this superimposed torque can be equal to 
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the number of revolutions, or it can be different. In general, we will 
call the duration of a whole period of the oscillating torque, or the 
duration of an impulse cycle, Ө. The oscillating torque gives an oscil- 
lating acceleration represented by— 


_ М 
T mr 
Zm r representing the moment of inertia. 

The oscillating torque will, of course, cause an oscillation of the 
magnet wheel around the position of the average displacement, but the 
displacement will by no means be in phase with the oscillating torque 
(Fig. 2) Аз the acceleration varies according to a sine wave, it is clear 
that the angular speed will grow as long as the acceleration is positive, 
and when the acceleration goes through the zero value the speed will 
have its highest value. When the acceleration is negative, the speed 
decreases, and the minimum value of the speed will be attained when 
tbe acceleration goes again through zero. That means the oscillations 
of the speed lag by just a quarter of a period behind the oscillations of 
the torque. And, therefore, if in the clock diagram (Fig. 3) O A represents 
the oscillating torque, O B may represent the oscillating speed. The 
direction of rotation in all these diagrams is supposed to be clockwise. 
The maximum value of the speed oscillation can be calculated in an 
easy manner, It is just the integral value of the average acceleration 
during the quarter of an impulse cycle. The average value of a variable 


quantity obeying the sine law is 2 multiplied by the amplitude. Тһеге- 
fore in our case the amplitude of the oscillating speed is— 
2 0 0 


пз у, 4-7 2r 

As long as the oscillating speed is positive the displacement will 
grow, and will reach its maximum value when the oscillating speed 
passes through zero (Fig. 2). That means, the oscillating displacement 
superimposed upon the average displacement will lag by 9o? behind the 
oscillating speed, and by 180° behind the oscillating torque or accelera- 
tion. In Fig. 3 OC represents this displacement. "The actual value of 
the displacement would be calculated in the same manner as the integral 
of the oscillating speed during a quarter of a period :— 


_. 8 M өз 

МЕРТ тутт ge 

If no other variable forces are working in our whole system, then 
the displacement is exactly inverse to the primary oscillating force. 
The moment of the biggest accelerating force coincides with the 
biggest backward displacement. 

Therefore the machine at this moment supplies less than its normal 
power to the busbars. 

If the machine has 2) poles, then р electrical degrees correspond 
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to one angular degree, and if we сай о the displacement in electrical 
radian degrees (360° represented by 27), then the formula for the 
amplitude of the oscillating output superimposed on the average 
output will be— 
ң я М 6: 
L,zEI, - om EL: — eae 

The displacements and the oscillating speed г may, of course, also 

be represented in angular electrical degrees, and angular clectrical 
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FIG. 2. 


degrees per second, by multiplying the values for s and v with the 
factor— 
f . 2 7 LJ 
A negative superimposed load coinciding with the + torque acts in 
exactly the same way as an additional oscillating torque would do. It 
gives an additional oscillating speed and oscillating displacement. 
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In order to get a torque corresponding to this synchronising output, 
we have to divide by the acceleration of gravity and the average 
angular speed per second— 

ЖЕН Е „те 
2т g Еті? Bwe 


. р. 


As we аге at liberty in our diagram (Fig. 3) to choose апу scale for the 
oscillating speed or displacement, we will choose it in this manner, that 
OC represents at the same time the displacement and the corresponding 
torque. This torque in itself would cause an additional oscillating 
speed represented by CC, in the diagram, and so we get a sum of a 
geometrical series which graphically can be represented by connecting 
the point B with C, and continuing it until it cuts the vertical line at 
the point C. Then OC is the amplitude of the final oscillating 
displacement. OB having the same ratio to OB as OC to OC is the 
amplitude of the final oscillating speed, and O A being the sum of OA 
and CO is the resultant oscillating torque, that for itself without 
electrical reaction would cause in the given flywheel these oscillations. 
How big these final values are in comparison with the initial values is 
determined by the quotient of the synchronising torque corresponding 

Чо а certain displacement and the oscillating torque which causes this 
displacement. We call this figure reaction quotient q and have the 
formula— 
ы COL M ppl, T е 
ОМ “в amr te P 


All vectors of the initial oscillation are increased by the electrical 
reaction. We call multiplying factor the quotient of the final value to 
the initial value and have the equation— 


_OC_OB_OA_ г 
OC Cc 0A l --4 
The latter value results as the ratio between the sum and the first 
term of a geometrical series, the quotient of which is 4. 


The final value of the amplitude of the synchronising moment will 
be— 


NM mua M, — q . M. 
1—4 1—4 


If we know М (the oscillating torque in the original torque diagram) 
to be a certain percentage of the normal torque, then we can give the 
final load variation corresponding to M, as a percentage of the normal 
output of the machine, by multiplying the first percentage with the 


factor DLL To find a pregnant word for this last-named factor, we 


shall remember that the oscillations in the output are indicated bv the 
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wobbling of the wattmeter needle, and we shall call the factor г Р 


the wobble factor. 

Suppose we have a torque diagram of a steam engine with an 
oscillating torque amplitude of бо per cent. of the norinal full-load 
torque, and we have a reaction quotient— 


q —:0'I2, 
then the wobble factor is— 


012 ‚ 
I — 0'I2 =OS 


and the wobbling of the wattmeter needle will be— 
0'137 - 50 = 68 per cent. 


of the normal output. АП oscillations of this frequency which would 


alas 

EUROS UB D EB E E E E EME 

ab cq p AC nos op E S E 
ӘНІН 


exist without the generator being in parallel with the net аге increased 
by multiplication with the multiplying factor— 


I сменит 


1—9 1--012 


= 17137. 


The multiplying and the wobble factors have finite values if g iS 
smaller than 1. If q is equal to 1 then they would be infinite, That 
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means, for any given primary oscillating torque, except for one of 
infinitesimal value, the final oscillations would be infinite. This is a 
State of affairs which is reached if the duration of the impulse cycle 
is exactly equal to the duration of the oscillation that the machine 
itself would perform running in parallel with the given net when 
getting one impulse and being left alone. In other words, it is a 
condition of complete resonance. 

It is easy to show this, by starting from the formula for the time 
of oscillation of a swinging pendulum, and substituting for gravity the 
synchronising force, but for our purpose it is unnecessary. 

If 4 is bigger than unity, then the multiplying factor has again a 
final value, but now reversed. Fig. 4 shows the value of the wobble 


factor for different values of g, and we sce graphically the well-known 
theory that in systems without any damping (such systems do not exist) 
the point of resonance is a point of unsteadiness when the curve 
disappears into the positive infinite, and for a slight increase of 4 
returns from the negative infinite. | 

The same geometric construction which we employed in Fig. 3 
shows in Fig. 5 for a q bigger than 1, all the final values opposed to their 
original values. The final displacement OC is in phase with the 
original oscillating torque O A, whereas the resultant oscillating torque 
OA that we get by adding CO to OA has the opposite direction to 
O A, and so, of course, also the final oscillating speed OB has the 
opposite direction, to О В. 
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In rcality, such a point of unsteadiness, where the curve leaps from 
positive to negative, does not exist, because we have alwaysa third power 
in oscillating systems ; that is, the torque which may be called the damp- 
ing torque. ‘The armature of the machine is connected to the net, and we 
can assume that the flux in it represents a rotating field impressed by 
the net. If the magnet wheel is not now in perfect synchronism with 
this rotating field, showing an oscillation superimposed upon the 
synchronous movement, then currents will be induced in every closed 
circuit that represents itself on or near the pole-face, and these currents 
give a torque like the torque of an induction motor, opposed and 
proportionate to the vector of the oscillating speed. If we provide 
special damper cages with low resistance, then the current and torque 
corresponding to a given oscillating speed will be high. If we have 
only massive pole-shoes, then the higher resistance of the iron will 
reduce the damping torque for a given oscillating speed, and if we 
have laminated poles, this torque will still be reduced, but it will be 
existent, and in this latter case, as the laminated steel does not allow 
the flowing of big damping currents, the action will go deeper, and 
will be visible in tne field coils, which in the former cases are protected, 
as it were, in the electrical shade of the currents in thc pole surface. 
In any case, the damping action is sufficient to make every theory 
obsolete which does not take it into account, if the conditions are near 
to resonance. 

It is easy to take account of the damping torque in our diagram. 
We can calculate, or find out experimentally, the synchronous torque 
that our machine would develop when running as an induction motor 
with a slip of т per cent. Having determined this torque, we then 
know exactly the ratio between damping torque and oscillating speed, 
and can draw the damping torque O D in opposition to O B in our 
diagram Fig. 6. The scale for the oscillating speed in Fig. 6 is chosen 
in such a way that the length of the speed vector is identical with the 
length of the damping torque vector corresponding to this speed. 

We will investigate our problem beginning at the other end. If in 
Fig. 6 we have exactly the same oscillations as in Fig. 5, what value 
must the primary oscillating torque have in order to cause such an 
oscillation? It is quite clear that the primary torque must have a com- 
ponent equal and opposite to the damping torque O D, and another 
component equal to OA in Fig. 3 that gives these oscillations in an 
undamped machine. ‘Therefore it is OA in Fig. 6. We see the damp- 
ing moment has a diminishing effect on the mechanical vibrations. It 
is'the same as if only the component— 


ОА,--ОА-: соѕ д 


of the initial oscillating torque would cause the oscillations. The oscil- 
lations in output, however, are now not only caused by the synchronous 
oscillating load torque OC,, but also by the damping torque, for the 
latter is supplied by currents taken from the line or supplied to the line. 


m ыл ER қағаны ә 
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Upon the average output of the machine the oscillating output is super- 
imposed, consisting of a synchronous component in phase with and in 
the same direction as the displacement, and an asynchronous com- 
ponent in phase and in the same direction as the oscillating speed 
(and therefore, of course, opposed to O D). Therefore in our diagram 
O E represents the oscillating torque transmitted to the net; or, in 
other words, the wobbling of the wattmeter needle. 

Now, one thing can be seen at once. The damper will not reduce 
mechanical oscillations to any considerable degree, unless the damping 
torque is nearly equal to the primary oscillating torque. For instance, 


A, 


— we æ ғы wm a— ол» wea «шә еш» «ны «ша «жә «ш-- > — «ме 


in order to make the working component O A, only half of the primary 
oscillating torque ОА, the damping component ОЮ = A A, must be 
87 per cent. of the primary, and in order to reduce O A, to one-fifth of 
the primary wc want the damping component to be— 


Мї —0°2?, 


that means, 98 per cent. of the primary. 

Let us assume a certain machine running on a certain net, and 
without changing the number of revolutions per second let us 
gradually change the duration of one impulse cycle 0, so effecting 
a change іп 4. Fig. 6 may represent the case for 9 --025; Fig. 7 for 
q-—06; Fig. 8 for 4--о8; Fig. о for q— 095. Now, we sec that 
for a small reaction quotient, the effect of the damper as regards 5176 

Vor. 42. 85 


536 ROSENBERG: PARALLEL OPERATION [Jan. 28th, 


of the oscillations is perfectly negligible, but that it is so much more 
important the more we approach the reaction quotient unity. Geometri- 
cally, it is of importance to know that the angle between primary oscil- 
lating force and displacement is now no longer 180°, but may have any 
value from 180? to 90°, the first value corresponding to д = o and the 
second value to q— 1. The most important thing, however, is that for 
q = I the oscillating speed and the displacement are by no means 
infinite. Тһе oscillating speed attains such a value that the corre- 
sponding damping moment is exacíly equal to the initial oscillating 
torque, and this finite oscillating speed, of course, gives also a finite 


A, 


y 


displacement. If we would draw a curve representing the final oscil- 
lating displacement O C, for a given primary oscillating torque depen- 
dent on the reaction quotient g, and show not only the size of the 
displacement, but also the angle between displacement and primary 
torque in a three-dimensional diagram, then we would see how the 
unsteady point of Fig. 4 has given way to a steady return-point on 
the curve. The curve does not disappear in the infinite for q = 1, but 
just changes steadily from a finite value and an angle slightly over 
90° to a smaller value and an angle slightly under 90°. 

We will see how these theoretical considerations can be made use 
of in practice. If the clectrical engineer had the task of designing the 
flywheel of the machine, so as to allow a certain maximum oscillation 
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in the output, he could do it—provided he had plenty of time to spare— 
in the following manner: He would take the torque diagram of the 
engine and analyse the amplitude of the fundamental wave and all its 
higher harmonics. For the highest wave he would choose a certain 
value for g. Suppose he should find in a single-crank engine that the 
wave corresponding to half a revolution had an amplitude of 80 per 
cent., then perhaps for this wave а q of o'r might seem adequate, giving 
for this wave a wobbling of the wattmeter needle corresponding to— 


O'I 
exte ыб == 8 t. 
aT 9 per сеп 
of the normalload. q for the wave with a duration of a whole revo- 
lution would then be— 

4: O'1— 04, 


and the wobbliug factor for this wave would be— 


-04 «оу. 
04 0°67 


If, therefore, a fundamental wave exists with an amplitude of, say, 
8 per cent., then— . 


0°67 - 8 = 573 per cent. 


would be the share of this wave in the wobbling of the machine output. 
The reaction quotient for the higher harmonics are $, 1, yz, ctc., of 
the reaction quotient for the fundamental wave, and the total wobbling 
output would be represented by the geometrical sum of the individual 
wobbling outputs, and should not exceed a certain percentage, say 
20 per cent., of the normal load. If it is bigger, then q must be reduced 
by increasing the inertia of the flywheel, provided that we do not want 
to make any change in the electrical qualities of the machine. Of 
course, we would discontinue our calculations at once if we should see 
that 4 for any of the waves has a value that is very near to unity, and 
we should start again, assuming another value for 4. Comparing this 
procedure with the ordinary method of calculating the flywheel graphi- 
cally, the main difference is that we multiply every one of the harmonic 
waves with another factor and combine in the end, whereas in the 
ordinary graphical method, where the whole oscillating speed and 
displacement are calculated without sifting the waves, no account is 
taken of the fact that by the reaction of the alternator most of the 
waves are not noticeably, but some of them considerably—perhaps 
dangerously—increased. 

Now, if a flywheel is designed in the ordinary way for a good 
standard cyclic irregularity, the electrical engineer has only to check 
whether the given value is likely to cause trouble or not, and in 
this case it will be sufficient to see whether for any of the waves the 
reaction quotient is near to unity, and then to see how much the 
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original value of this wave is. If the flywheel is designed for a certain 
T | I I 

cyclic irregularity, say 260 9 3oo! and we find that for the funda- 
mental wave the reaction quotient is considerably smaller than unity, 
and no dangerous multiplication of the original displacement due to 
this wave takes place, then we are quite safe about the higher harmonics. 
We are sure that for the small corresponding values of q the increase of 
the original oscillations is only nominal, and for a degree of uniformity 
as considered before, and comparatively small impulse periods, the 
displacements are always within the allowed limits. "Therefore, for 
such machines with a small fundamental wave, it will be sufficient just 
to consider the critical value for this fundamental wave, and to see 
that we are sufficiently apart from it. We call the critical value the 
value of the flywheel effect for which the reaction quotient is unity. 


EI, Тө 
(amr) mm og n А 

Let us call the normal output in kilovolt-ampere О and the ratio 
between short-circuit current and normal current В, then we may write 
the formula— 


1,000 T 07.) 


(Хт т). = 3.О. 8 т. Е 


If we assume that the electrical qualities of the machine—;.c. short- 
circuit current and voltage—remain the same, then the reaction quotient 
is proportional to the product— 


Т.ө.һ. 


Now, taking а steam engine, we shall find that we have to pay the 
most attention to the impulse of the duration of one revolution. That 
means 0 — Т, and in this case the critical value of the flywheel effect is 
proportional to— 

I 
Тз. р, or 43? 

The critical flywheel effect, therefore, is nat only in inverse pro- 
portion to the third power of the speed, but besides, in direct proportion 
to the number of pole-pairs, and a certain type of engine with a certain 
cyclic irregularity will only be equally adapted for parallel-running 
alternators under the condition that the periodicity of the alternators 
is proportional to the speed of the engine. Therefore, if an engine 


with a cyclic irregularity of =. and a speed of 250 revolutions gave 


good results with a frequency of 5o, we can safely say that an engine of 
the same type, with the same irregularity, will give good results with a 
similarly dimensioned alternator of 25 periods at a speed of 125 revolu- 
tions, but we can draw no conclusions as to the fitness of this engine 
for an alternator of 50 periods and 125 revolutions, 
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When calculating the critical value, we must be aware that neither 
the voltage E of the machine nor the short-circuit current I, are con- 
stant—they vary with the load of the station. In most stations you 
keep the voltage on the consumers’ premises approximately constant, 
and must provide in the station for the drop in the feeders, which is 
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X, and X, critical values of Hywheel effect, for 50 periods and а short-circuit current equal to 2°5 
and 35 times normalcurrent. For any other frequency or short-circuit current the Hywheel 
etfect will be varied in direct proportion to the frequency or short-circuit current. 

I. Average tlywheel ettect of a single crank steam engine for a cyclic irregularity à = 245. 

II. Ditto, à = 41s. 


dependent on the load. It is about in accordance with actual figures 
if you assume that I, may vary within limits that you get when con- 
sidering a short circuit on the terminals of the machine itself —once for 
no-load excitation and lowest voltage, and a second time for full-load 
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excitation and a voltage a few per cent. higher. That may correspond 
to a current, say, from 2'5 to 3:5 times normal, and therefore in our 
Fig. 10 we have not a single curve representing the critical value X, but 
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X, and X, critical values of Hywheel effect for 50 periods, and a short-circuit current equal to 2°5 
and 35 times normal current, when the time of one period of oscillating torque equals the 
time of one revolution. 

and x, ditto, when the time of one period of oscillating torque equals the time of half 
revolution. 


For any other frequency or short-circuit current, the flywheel effect will be varied in direct рго- 


portion to the frequency or short-circuit current. 
С ao flywheel effect of a two-crank cross-compound steam engine for a cyclic irregularity 


ò = 
Ы. Ditto, 3 = „де. 
a ribbon limited by the two curves X, and X,, and I have drawn beside 


this ribbon a curve Y,, representing the flywheel effect required for the 
higher voltage and a reaction quotient of о. As long as your flywheel 
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effect is above this value you are safe, provided always that the ampli- 
tude of the fundamental wave in the impulse is only a few per cent. of 
the normal full-load torque. Say it is 5 per cent., then in a machine 
without damper the final wobbling torque duc to this wave will be for 
a reaction quotient of о'7— 

“ ДАН 


I ul 2°3 times 5 рег cent. = 11°5 per cent., 


and that, added to the other oscillations which are of much smaller value, 
is safe. 

In Fig. 10 we also sce, besides the critical values of the flywheel 
effect, on assumptions based on the foregoing, two curves, I. and II., 
representing the flywheel effect of a single-crank engine, say a tandem 

қ : 2% I I 
engine, that is designed for a cyclic irregularity of zoo BE 300 

As the figure shows, in a single-crank tandem engine even a cyclic 


irregularity of = would be safe for speeds above 100 revs. per minute, 


and ET. would cover the requirements down to about 65 revs. per 


minute. But if we draw the same lines for a cross-compound engine 
(Fig. 11) we see that the danger realm for the same cyclic irregu- 
larities extends up to 170 and 110 revs. per minute respectively, and that 
is why trouble has been so often experienced in sets of this type. 

The flywheel effect in these two figures for a certain cyclic irregu- 
larity has been calculated under the assumption that the engine drives 
only the generator in question, and that the generator is designed for 
taking the normal output of the engine for full load at— 


COS $ = C'8, 
according to the formula— 
2-6,9 
en à лз 


where G gives the weight in tons, D the diameter of gyration in metres, 
O output in kilovolt-amperes (as an average figure 1°15 H.P. for 1 k.v.a.) 
and л the number of revs. per minute. Тһе constant С has been 
derived from some specimen engines of recognised makers. In order ` 
to get the flywheel effect as tons at 1-ft. radius, the G D? figure is in the 
С В: scale multiplied with 2°69. 

Inspecting Fig. 11, we find that for two-crank low-speed engines 
we require an enormously low cyclic irregularity, in order to meet the 
condition that the reaction quotient for the highest excitation should 
not exceed о”. That means, we cannot make use of the advantage 
offered by these engines, that the flywheel effect can be kept at a 
moderate size. As, however, small weight of the machine is an im- 
portant consideration, we may try whether it is not possible to use a 
smaller flywheel, and to avoid the dangerous ribbon by keeping 
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underneath it, without falling into another danger, viz., resonance with 
the second harmonic. In Fig. 11 two zones are plotted, one for the 
impulse of a whole, and the other for the impulse of half a revolution. 
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X, and X. critical values of flywheel cfíect for 50 periods, a short-circuit current equal to 25 and 3'5 
times normal current, when the time of one period of oscillating torque equals the time 
of two revolutions. 

v and л ditto, when the time of one period of oscillating torque equals the time of опе 
revolution. 

For any other frequency or short-circuit current, the flywheel effect will be varied in dircct 

roportion to the frequency or short-circuit current. 
I. Average fiywheel effect of a gas engine having 1 impulse per revolution for а cyclic 
irregularity д = 126. қ 
II. Ditto, à = yg. 


On each side of the critical curves X, and X, for g=1, we havea 


seam shaded in a different colour limited by parallel lines, for which 
the reaction quotient in one case (Y,) is о7, and in the other case (Y,) 


Digitized by Google 


1909.) OF ALTERNATORS. 548 


1°75, and we may call the ribbon, limited by these curves, the danger 
zone. q= 1'75 gives the same absolute value of the final wattmeter 
oscillations as 4 = 07, viz.— 

-$ = 179 = 2°3 times 

1—9 075 
the initial oscillation. 

In the same way the danger zone is plotted with the curve у, у. 
adjoining the critical curves x, х, for impulses with a cycle of half a 
revolution. Theoretically we should be allowed to use flywheel effects 
lying between the two danger zones, provided that in this case, the 
amplitude of the oscillating torque corresponding to half a revolution 
is in itself also small—say 5 per cent. But we would not choose this 
expedient in steam engines, for it would mean (see Fig. 11) too high an 
irregularity and too light a flywheel for 50-С\> ordinary generators. 

It may, however, be applicable to gas engines. The most success- 
ful gas engine so far has been the 4-stroke cycle engine, and this has a 
fundamental wave corresponding to 2 revolutions. Now by multiply- 
ing the cranks, and using tandem arrangement, it is possible to build a 
gas engine which for a certain cyclic irregularity has no bigger flywheel 
effect than, say, a tandem steam engine ot the same speed—in some 
cases even less. But as there is a possibility—we may even say а 
certainty—of oscillations lasting 2 revolutions, the critical value is 
four times as high as in steam engines, and that gives for moderate 
speeds a very big flywheel, corresponding to exceptionally low cyclic 
irregularities. In Fig. 12 the curves arc plotted for a 4-stroke cycle 
engine with one explosion for 1 revolution ; for instance, for a simple 
double-crank engine, every cylinder single acting. Here it is casy to 
avoid danger, if the speed is not too low. Fig. 13 shows curves for 
engines with one explosion occurring every half-revolution—for 
instance, a double-acting, single-crank tandem engine. Also the fly- 
wheel effect of a 3-crank engine with one explosion for one-third of 
a revolution is not much different from the values shown in this figure. 
Fig. 14 shows the curves for one explosion occurring every quarter of a 
revolution—for instance, a double-acting tandem engine, doubled, with 
two cranks at right angles to each other. We see from Fig. 14 that for 
slow-speed engines of this type we must either be prepared to make 
very heavy flywheels in order to keep outside the danger zone, or we 
must try and find our way in the small path between the two danger 
zones. 

Now we know quite well that this is not a very satisfactory way out 
of the difficulty, for it means, in many cases, a smaller flywheel than we 
should otherwise adopt for electrical drive, and we know that gas 
engines, which are subjected from time to time to back-firing and 
wrong ignitions, run very much better with a heavier flywheel. These 
irregular impulses, of course, cause much greater displacements, and 
therefore much greater wattmeter oscillations, if the flywhecl effect is 
low. In any case, however, if we see it is unavoidable to stay between 
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the two danger zones, then we must try and make the danger zones as 
narrow as possible, and the space between them as large as possible. 
We can do this by making a close regulation. Our danger curves are 
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plotted on the assumption that the short-circuit current for no-load 
excitation is 25, and the short-circuit current for full-load excitation is 
35. If we plot the danger zones for a better regulating machine—sy 
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3°5 times short-circuit current for no-load excitation, and 4:2 times short- 


circuit current for full-load excitation—then the danger zones are much 
narrower (Fig. 15), and we can avoid them more easily. 
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X, and X, critical values of flywheel effect for so periods, а short-circuit current equal to 2:5 and 
35 times normal current, when the time of one period of oscillating torque equals the time 
of two revolutions. 

x, and x, ditto, when the time of one period of oscillating torque equals the time of one | 
revolution. 

For any other frequency or short-circuit current, the flywheel effect will be varied in direct pro- 

rtion to the frequency or short-circuit current. 
I. Average flywheel effect of a gas engine having 4 impulses per revolution for a cyclic 
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We know, however, that it is wise in such cases to take the 
utmost care, first to make both the oscillating torque of the dura- 
tion of 2 revolutions, and of 1 revolution, as small as possible, by 
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balancing the powers in the engine as well as possible ; and second, to 
enable the generator to stand irregular impulses better, and to deaden 
the oscillations. And in such cases I should strongly advise the use of 
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X, and X, critical values of flywheel etiect for 50 pes a short-circuit current equal to 35 
and 4:2 times normal current, when the time of one period of oscillating torque equals the 
time of two revolutions. 

x, and x, ditto, when the time of one period of oscillating torque equals the time of one 
revolution. 

For any other frequency or short-circuit current, the flywheel effect will be varied in direct pro- 

rtion to the frequency or short-circuit current. 
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amortisseurs, for here we have to deal with three dangers. We know 
that the calculation of the short-circuit current cannot be made accu- 
rately, and also that machines in actual practice may be used for a 
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different voltage than originally intended. The path between the two 
danger zones 15 not very broad, and it may happen that we are really near 
to actual resonance. Now we know, from our researches, the enormous 
value that the amortisseur has in the resonance zone, and know that 
hunting will not even occur in a well-damped machine with complete 
resonance, provided that the primary oscillations are kept very small. 
And, of course, for damping those oscillations which arise from 
irregular causes, the amortisseur is of enormous value. These are 
cases where, in order to get a satisfactory commercial result, the engine- 
maker and the dynamo-maker must both give their machines a better 
performance than usual. 

For high-speed steam engines of more than 200 revs. per minute, 
it is clear from the curves that the standard degrees of cyclic irre- 
gularity cover all requirements of the electrical engineer for alternators 
of 50 periods and the usual regulation. Three-crank steam engines 
could, of course, be made with much lighter flywheels, if the makers 
would design their flywheels taking into consideration only the cyclic 
irregularity, and then the danger of hunting would not be so remote 
as in the case of the curves plotted in the figures. But it is interesting 
to learn that the actual practice of engine-makers is to usc for the 
purpose of stable mechanical running a considerably higher flywheel 
effect. 

I understand from Messrs. Willans & Robinson that the stored 
energy in the flywheel of their high-speed engine sets amounts to 
2,000 ft.-lbs. per I.H.P. for sets which are to be used on lighting and 
motor loads, and double this energy for traction sets. Comparing 
such a value with the flywheels necessary for a cyclic irregularity 


of, sa mo shows that for speeds above 200 revs. per minute the 
y 300 


former value is very much in excess of any calculated value. 

I will give some instances of cases where troubles have arisen from 
hunting and will investigate them to show the application of our theory 
and of our formulz. 

Example A.—For a long time it was common opinion that the 
damper (amortisseur) would in every case enable smooth parallel 
running. I once had to deal with a 1,200-H.P. vertical threc-crank 
engine coupled to a r,030-k.v.a. alternator, running at 125 revs. рег 
minute, 50 (^J, that gave trouble when running in parallel with other 
sets, and the calculations according to the formule given above show 
quite clearly that for oscillations of the duration of r revolution the 
reaction quotient was very ncar to unity. In fact, for different loads 
for the different excitations it varied from o'9 to r'1 giving for a certain 
excitation exact resonance. The flywheel effect was— 


G D? 160 ton-metres?. 


The machine was a 3-phase generator wound for 2,850 volts, 
:213 amperes normal load, and the short-circuit current was estimated 
as from 600 amperes for no-load excitation to 810 amperes for full-load 
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excitation. Each pole had a proper damper cage. As hunting troubles 
occurred in spite of this, it was pretty clear that the initial oscillations 
in the torque diagram were greater than would be expected in steam 
engines of this type. When the engine-maker on request forwarded 
the drawings of the engine, the trouble iwas very soon explained. 
There was a single-acting condenser pump attached to the engine, 
the maximum load torque of which corresponded to something 
between то and 20 per cent. of the normal load torque. When soon 
after, a trial without condenser pump was made, hunting disappeared. 
Whereas with the pump attached, great oscillations were reported and 
the lights flickered badly, there were only small oscillations without 
pump, and the lights were steady. 

I have not seen the machine myself. All the directions and reports 
were given, partly by cable and partly by letters, and the data are 
therefore not so complete as might have been the case with personal 
observation. 

We will try and calculate the load oscillations of this machine that 
can be expected in the worst case. I cannot say what torque the 
damper cages of this particular machine developed at a certain slip, 
but I will take, for argument's sake, the figure that I found in another 
case, viz., 25 per cent. of full-load torque for т per cent. slip—that 
is, for 1 per cent. oscillating speed. For complete resonance (and 
practically the same also for a reaction quotient that is within + 10 per 
cent. of unity) the damping effect must be exactly equal to the initial 
oscillating torque—that is, for 20 per cent. full-load torque we will have 
+ 098 per cent. oscillating speed. The formula for the displacement— 


$5 =) e 

2т 

is equally valid if we express s and v directly іп electrical degrees. 
Now бо periods is 18,000 electrical degrees per second. 0:8 per cent. 
therefore gives an amplitude of oscillating speed of 144 electrical 


degrees per second. The time @ is equal a that is, 0°48 seconds. 


- 


Therefore the displacement will be— 


Let us assume that the machine vector for normal output is leading 
towards the net vector by 18°, then the above-mentioned oscillations 
by + 11° would mean an oscillation in the synchronous output of 
+61 percent. The complete oscillations of the load would have to be 
calculated as the resultant of the two components 20 and 61 per cent. 
at right angles to each other, and that gives 64 per cent. This is with- 
out doubt an unendurable condition. 

We will use this example to find out the value of a perfect damper in 
a case like this. Suppose we could make the damping action equal to 
20 per cent. full-load torque at оға per cent. slip, instead of o:8 per cent. 
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as before. Then the displacement would be only 55 electrical degrees, 
the synchronous load variation 305 per cent., and the resultant of the 
30°5 per cent. and the 20 per cent. would be 365 per cent., that is, not 
much more than half of the previous value. A damper of infinite 
power, developing any torque at infinitesimal slip, could reduce the 
load variation to 20 per cent. of the full-load torque. But on the other 
hand, it will be seen that this machine, although complete resonance be 
existent, would work sufficiently well if the engine did not show the 
extraordinary oscillations caused by the pump. Suppose the initial 
oscillating torque to be 4 per cent. instead of 20 per cent., then the load 
variations would be only + 13 per cent. or + 7 per cent. according to 
the grade of the damper. 

The final solution for this machine was a bigger flywheel. 

Example B.—Compound engines of 3,000 H.P. and 9o revs. per 
minute with a flywheel effect — 


G D? = 1,300 ton-metres? 


driving 3-phase machines of 48 periods, showed objectionable hunting 
with oscillations of the period of 1 revolution. Using either the 
formula for the reaction quotient, or looking at Fig. 11, which is drawn 
for nearly the same periodicity, it is quite clear that the flywheel effect 
of this machine is almost identical with the critical value. The machine 
had no separate amortisseurs, but solid steel pole-tips. The hunting 
was considerably diminished by applying a balance weight in the fly- 
wheel, so as to minimise the primary oscillations of the duration of 
I revolution. 

In later machines of the same type the flywheel effect was 
increased. 

Example C.—Cross-compound engines running at 83 revs. per 
minute with a flywheel effect of— 


С D? = 1,400 ton-mctres? 


driving 3-phase generators of 2,100-k.v.a. output, 50 со, were hunting 
with the periodicity of the revolution. No separate dampers were 
used, and the normal output was 5,250 volts, 232 amperes. The short- 
circuit current of the machine for different excitations varied between 
530 and 760 amperes. The machine is in the danger zone of Fig. 11. 
By very carefully equalising the steam distribution, it was possible for 
the time of the experiment to maintain parallel operation without great 
oscillations. 

Example D.—Another interesting case is a station with reciprocating 
engines running at 94 revs. per minute, which were running in parallel 
for years. Later on the central station was extended by the addition 
of a turbo-generator, and serious hunting troubles occurred. I could 
not get very exact data of the machines in the station, but I understand 
that the turbo set, running at 1,500 revs. per minute, had a total fly- 
. wheel effect (turbine and generator) of— 


С D? = 1,675 kilogramme-metres’, 
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The gencrator was a 4-pole, single-phase machine of 1,500 k.w. (1,875 
k.v.a.) Taking the period of a revolution of the reciprocating engines, 
that is, 0:638 seconds, as the period of an impulse cycle, we find that 
complete resonance would occur for a short-circuit current equal to 
17 times normal current. I could not verify this calculation, as I could 
not get actual test results, but such a short-circuit current is well within 
the scope of turbo-generator practice. When a new turbo-generator 
was designed for the same station, it was not possible to increase the 
flywheel effect to such an extent as to make q for any excitation 
sufficiently small, but care was taken that the short-circuit current 
would be pretty well above this value, and q greater than 1 for the 
period of 0:638 seconds, such that the critical period is between the two 
danger zones for 0:638 and 0'319 seconds. Also the machine was fitted 
with a good damper. 

I will briefly summarise the contents of this paper. Hunting 
troubles are mostly due to resonance which causes a multiplication 
of small oscillating forces contained in the torque diagram of the 
driving engine. ТһсогеіісаПу all of thc oscillating forces contained 
can give rise to such resonance. At the present stage of the art, how- 
ever, with the usual degrees of cyclic irregularity in reciprocating 
engines, it is mainly an oscillating force with a period at least four 
times as long as the period of the main oscillations, which causes difh- 
culties in certain machines. So in slow-speed, 2- or 3-crank steam 
engines, where the oscillation of the biggest amplitude lasts a quarter 
or one-sixth of a revolution, the dangerous amplitude has the duration 
of т revolution. In multiple 4-stroke cycle gas engines with main 
oscillations of half a revolution, or less, the dangerous oscillation has 
mostly a period of 2 revolutions. In high-speed engines it is easy 
and for mechanical reasons, general practice, to apply a greater fly- 
wheel effect than the critical one. In slow-speed machines when such 
a flywheel effect would be prohibitive, it is important to reduce the 
oscillations in question to the smallest possible value, and to apply 
an amortisseur, If the flywheel cffect is well over the critical point, 
an amortisseur is unnecessary, although it is beneficial in the case of 
engines of irregular disturbances in the diagram. The point of reso- 
nance is characterised by the reaction quotient —i.ce., the ratio for а 
certain displacement of the additional torque to the initial oscillating 
torque that causes this displacement. For full resonance this quotient 
is unity. 

If the flywheel cannot be altered, the critical value can be avoided 
by adequate choice of theshort-circuit current of the electrical machine, 
provided that this is consistent with the specified electrical regulation. 
The air-gap may be cither increased or reduced for this purpose, or 
choke coils may be used instead of an air-gap reduction. 
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APPENDIX I. 


In order to show that the theory and the diagram of oscillations 
developed before is applicable for every kind of oscillation, I will here 
embody a few remarks about a balancing apparatus used for high- 
speed machinery. 

The apparatus (Fig. 16) consists of two bearings sliding, for 
instance, on horizontal rails by means of balls, and subjected to the 
action of springs, which tend to keep the bearings in the neutral 
position. 

I. Static Balance.—Suppose we have a heavy point on our rotor. 
We drive the rotor by means of a vertical belt, so that no horizontal 
component of the belt tension exists. The rotor will oscillate on the 
horizontal rails. Let us assume at first that we have neither springs 
nor friction. The heavy point in turning will develop a centrifugal 
force proportional to its mass and to the square of the speed. As the 
bearing can only move horizontally, the horizontal component of the 
centrifugal force only comes into question. It represents the “ primary 
oscillating force." In the half-revolution during which the heavy point 
turns from the highest position to the right, and then to the lowest 
position, the horizontal component of the centrifugal force is directed 
to the right hand, and therefore a right-hand acceleration takes place. 
The speed directed to the right will grow during the whole of this 
time, and therefore be the highest if the heavyipoint has its lowest 
position, and if the component of the centrifugal force is zero. In 
other words, the oscillating speed has a lag of 90° behind the heavy 
point. Likewise the displacement of the rotor has a lag of 9o? behind 
the oscillating velocity, and a lag of 180? behind the oscillating force, 
or behind the heavy point, if no other influences are to be considered 
except centrifugal force and inertia. 

The displacement is proportional to the maximum value of the 
acceleration and the square of the time during which acceleration in 
a certain direction lasts. As the acceleration is proportional to the 
square of the speed, and the duration of a revolution is in inverse 
proportion to the speed, it follows that the displacement is quite 
independent of the speed (if no friction and no spring tension are 
apparent) and therefore the oscillating displacement would be the 
same for each speed, and it is very easy to calculate that it would 
be only a very small one if we have an ordinary degree of exactitude 
of workmanship. 

As soon as we have springs the displacement is enlarged. The 
heavy point, which during a part of a revolution is just at the left-hand 
side, and causes a right-hand displacement, now also causes a tension 
of the springs, which tends to force the rotor to the left-hand side. In 
other words, the tension of the springs adds to the left-hand component 
of the centrifrugal force. Of course, this enlarged force causes an 
enlarged displacement, and the final value would be calculated in the 
manner of a geometrical series (Figs. 3 or 5). 

VoL. 42, 86 
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Now, at a certain speed this geometric series would have an infinite 
value--namely, in the casc when the tension of the springs caused by 


the primary displacement is just equal to the primary centrifrugal 
force. Suppose we have a primary force equal to г Ib. that causes? 
primary displacement of yy in., and we have springs of the kind thi! 
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for a displacement of „у in. give just a tension of т lb., then the power 
would be just doubled by the primary displacement. The double dis- 
placement would cause a double additional spring tension, and so forth 
in infinitum. In actual practice, where friction exists, not the whole of 
the centrifugal force will accelerate the mass, but only a component 
of it, and then the particular speed which, as we saw, would make out 
of a certain primary force an infinite displacement, will mean that we 
have a remarkable displacement, even if an infinitesimal component 
of the centrifugal force is working. | 

The friction creates a force nearly proportional апа in the opposite 
direction to the oscillating speed. Therefore a component in the 
same direction as the oscillating speed must be deducted from the 
primary oscillating force to give the resultant working component. 
Let O A, in the diagram (Fig. 6 be) the primary oscillating force that 
without friction would cause an oscillating speed O B,, and a displace- 
ment OC, Then, if we have friction, OD will represent the damping 
power of the friction and A—A, will represent the component of the 
primary force that compensates for the friction, and the vector OA 
would be the primary power that (friction included) would be neces- 
sary to cause the displacement OC. Now, it is clear that for the con- 
dition where a primary power OA, of infinitesimal value makes the 
remarkable displacement O C, the speed O B, will attain such a value 
that the friction opposing the speed is, apart from an infinitesimal 
difference, just equal to the primary centrifugal force. This means 
that for this particular speed (for resonance) the angle between the 
centrifugal force ОА and its working component ОА, will be just 90°, 
and the angle between the vector of the heavy point OA and the 
displacement О С, will be just до”. 

Balancing with this apparatus is therefore very simple. "The rotor 
is brought up to such a speed that heavy resonance occurs ; the most 
prominent part is marked by chalk, and it is noted that the heavy 
point is leading by 9o? in the direction of rotation. 

2. Dynamic Balance.—lf we have two heavy points at different 
relative positions in two cross-sections, they will, when the rotor is 
rotating, cause a movement of the shaft such that one bearing goes to 
the right and the other to the left. Whereas in the case considered 
in No. 1, the armature moves parallel to itself, and therefore the 
acceleration is given by the quotient of the working component of the 
centrifugal force, divided by the mass of the rotor ; now, in the second 
case, the angular displacement is given by the quotient of the turning 
moment of the two working forces divided by the moment of inertia. 
Just as in the previous case, the movement of the bearings will cause 
an additional turning moment of the springs. The proportion of the 
additional spring moment to the primary moment caused by dynamic 
unbalance will depend upon the distance of the bearings, and in 
general, at a certain speed it will not have the same ratio as the force | 
considered under No т. This means, resonance of the bearing spring 
arrangement caused by dynamic unbalance will take place at another 
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speed to resonance for static unbalance. The two speeds with dynamo 
rotors of ordinary shape have a ratio of about 1:1°5, or 1:1°7. For 
instance, with a certain rotor and certain springs, remarkable move- 
ments of both bearings in the same direction were attained at 310 revs. 
per minute, movements in opposite directions at 860 revs. per minute. 
With the same springs and a bigger armature, the two critical speeds 
were 300 and 490 revs. per minute, "These values checked remarkably 
well with the values calculated from the size of the springs and the 
mass and inertia of the rotor. 

With the same arrangement the rotor can be balanced statically 
and dynamically in two steps, and we can work with a comparatively 
low speed and have much bigger movements than if we work in the 
proper turbine bearings without spring arrangement. 


APPENDIX II. 


Another instance where a clock diagram of exactly the same shape 
as Fig. 6 explains an apparently complex problem is the following :— 

An induction motor drives a reciprocating pump, with, of course, 
not uniform torque diagram. The set is fitted with a flywheel in order 
to minimise the overload on the motor. The figures in a certain case 
were the following :— 

The normal load gives a slip of 3°5 per cent. If the torque 
diagram of the pump is replaced by a sine wave of equal area, 
below and above the line of average load, then the maximum excess 
torque (amplitude of oscillating torque) was 75 per cent. of the normal 
torque. With the flywheel effect of the machine in question, this 
oscillating torque would have caused an oscillating speed of + ГІ 
per cent, provided that the torque of the induction motor would 
be independent of the slip. Іп reality, however, the oscillating 
speed superimposed upon the normal slip creates an oscillating torque 
superimposed upon the normal torque, which in the clock diagram 
is exactly in phase with the slip. Now in this machine r'1 per cent. 
slip corresponds to 31°5 per cent. of the normal torque. This, of 
course, will cause the initial oscillating slip to be smaller than гі per 
cent, but it would be quite wrong to assume that the 31 per cent. 
torque is now to be deducted from the 75 per cent., so as to give 
the arithmetical difference as the resultant oscillating torque, causing 
a correspondingly smaller oscillating slip. In rcality the deduction has 
to be made geometrically, and the torque corresponding to the real 
oscillating slip is to be considered as a base of a rectangular triangle, 
the hypothenuse of which is the above-mentioned primary oscillating 
torque of 75 per cent., and the height of which is the resultant. To 


cause a real slip of r'1 per cent. it would take an initial oscillating 
torque— 


\/ 0°75? + 0313? = 0:815. 
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As, however, the initial oscillating torque is only 0'75, the real 
oscillating slip will be reduced in the ratio— 


0°75 
0815 
and will therefore бе-- 
975 |. ЕРЕ 
6815 . гг per cent. го1 per cent, 


We sce that by not considering the phase difference between the 
moment of the maximum torque required and the maximum slip 
existing we would easily over-rate the equalising action of the varying 
slip. 


NoTE.—This paper is based on some previous papers of mine 
published in the years 1902 to 1904 in the Elektrotechnische Zeitschrift 
and in the Zeitschrifl des Vereins deutscher Ingenieure, but also embodies 
the developments in the types of engines that have taken place since 
these publications. Also the tables and formulze are made handier for 
the electrical engineer. First I had occasion in 1902 to deal with this 
subject when I had to investigate the adaptability of a certain type of 
gas engines for driving alternators. After the publication an in- 
teresting discussion took place, and I am mainly indebted to Professor 
H. Goerges, who had previously very completely investigated this 
subject, for bringing up some points that helped me to complete my 
theory. 

The damping diagram has been used since my first publication, and 
another way of derivation shown by Dr. G. Kapp in his book on 
dynamos. 

The suggestion to take for gas engines the flywheel effect inter- 
mediate between the two critical values as in Fig. r5 was first 
published, as far as I know, by Bonte, the designer of the Augsburg- 
Nuernberg Machine Works. 

For German authors who might use this paper I would suggest the 
following translations for the pregnant words used :— 


Oscillating force ... Sis .. Pendelkraft. 

Oscillating torque... lag .. Pendelmoment. 
Oscillating speed .. one .. Pendelgeschwindigkcit. 
Oscillating displacement .. Pendelweg. 

Reaction quotient $us .. Reactions-Verhiltnis. 
Multiplying factor sus .. WMergrósserungsfactor. 


Wobble factor  ... T" ... Wackelfactor. 


I beg to tender my thanks to Mr. В. Townend, who helped me in 
making the curves and revising the proofs, 


Mr. Stoney. 
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DISCUSSION. 


Mr. G. STONEY: I think we must congratulate Dr. Rosenberg on 
the very lucid way he has described to us what is, I think, a most 
difficult thing to clearly understand, that is, the interactions which 
take place between the uneven turning moments due to the engine im- 
pulses, the flywheel effects, and the regulation of the alternators. lt 
is quite evident that these three effects are closely connected together, 
and that by suitably proportioning them, parallel running can be obtained 
under all conditions. Of these, speaking as a practical man, I think 
the most important is the even-turning moment. The regulation of 
the alternator is a secondary thing in most cases in my experience, 
because alternators can undertake heavy overloads without dropping 
out of step ; in fact, I may say that we have never had a case of an 
alternator dropping out of step due to overloads. If we go up to heavy 
overloads of, say, 50 per cent., or 100 per cent., as may occur under 
certain circumstances, we get the ratio between the full-load current 
and the short-circuit current, perhaps as low as 2, or even below that. 
The regularity of turning moment is of the greatest importance, and in 
many cases where there has been difficulty in parallel running, we have 
found it completely cured by improving the turning moment of the 
engines. This occurred with some of the early turbo-alternators, where 
they had what is called puff-governing, and where the impulses were 
too few. In several cases we increased the number of those impulses 
and completely cured the trouble in parallel running. This was most 
noticeable in cases where we had high periodicities, such as 100 periods, 
and there are many cases іп this country of old roo-periodicity single- 
phase stations still running. Damping coils also have been put in in 
certain cases, but with modern alternators where you have fairly large 
laminations in the rotors or solid pole-pieces, as a rule damping coils 
аге not necessary. Difference of wave-form seems to have little effect 
on parallel running, but care must be taken not to earth the star of two 
plants having widely ditferent wave-forms, otherwise one gets through 
the star very considerable currents of third and fifth harmonics. As a 
rule, it is best, if the star is to be earthed and if the alternators have 
different wave-forms, to earth only one and let the others be connected 
to it. The author вау on page 524: “I do not know from personal 
experience of any cases where the governor of the steam engine caused 
the dangerous impulses, although such cases are on record.” I think 
we have had more cases іп which a small alteration of the governor has 
set everything right than anything else. In one case, where we had 
large turbines running in parallel with reciprocating engines, a simple 
tin can, with a bit of wood slung by a string from the governor lever, 
and some water in the can, completely cured the trouble; and by 
suitably adjusting the damping effect, by making a suitable dashpot 
with a simple piston in it, and a suitable thickness of fluid such as oil 
or water, as a rule the greater part of the trouble can be got over. I 
think great attention should be paid to the adjustment of the governor. 
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High-speed governors also seem to govern better for parallel running 
than heavy, slow-running governors. In one curious case where we 
had a complaint about the parallel running, it was completely cured 
by simply damping the ammeters. The ammcters were undamped, and 
they happened to have a period the same as small oscillations in the 
system, and the result was apparently most disastrous. Simply damp- 
ing the ammeters completely cured the trouble. In all such matters 
you have to consider also what you may call the momentum of the 
network, its capacity, and also the momentum and the characteristics 
of the various synchronous machinery that is running. I may say, in 
conclusion, that we have never failed to run іп parallel with anything, 
but as a saving clause we always have put in our contracts that we 
guarantee to parallel with all other engines and alternators in the 
station, provided they run in parallel with one another. That last 
clause, I am happy to say, we have never yet had to take advan- 
tage of. 

Mr. F. H. CLouGH : Our present knowledge of this subject is due 
іп a large measure to the investigations which the author has made. It 
is true that the prevalent type of engine in this country runs at such 
a high speed that most of the difficulties of parallel operation are 
avoided, but I do not think that the author is quite justified in 
saying that we iu this country have avoided these difficulties quite 
unknowingly, as many of us are fully aware of the troubles that may be 
experienced, and having the choice of high-speed and low-speed 
engines, did our utmost to have such a type of engine installed as 
would not cause trouble. There have been difficulties in running 
alternators in parallel in this country when driven by slow-speed 
engines, and I would remark that ina great many cases these have 
been with machinery of continental manufacture. I have had occasion 
to investigate this problem of parallel operation, and will therefore 
venture to criticise some of the author's remarks in this paper. 

As is pointed out in the paper, the phase relation of the circulating 
current is such that it is practially wholly an energy current, and 
therefore the problem is first of all to determine for a given angle of 
displacement the value of this current between two machines. 

I do not agree with the author when he states that the cross- 
current depends wholly on the value of the excitation. When the load 
comes on the machine, a component of the armature reaction tends to 
demagnetise the field windings, and therefore additional excitation is 
required. If the machine is oscillating through a small angle, this 
demagnetising effect will vary as the cosine of this angle, and will 
therefore be practically constant; апа, іп my opinion, it would seem as 
though this demagnetising armature reaction is simply equivalent to 
winding demagnitising turns on the pole and correspondingly 
increasing the excitation. My experience on alternators running in 
parallel seems to bear this out in as much as when alternators are 
running in parallel, the amplitude of swing of the ammeter needles 
seems to be pretty nearly the same at all loads, provided the voltage is 
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kept constant, and the phenomenon of resonance, that is, a very pro- 
nounced increase in the swing at any particular load and a lesser swing 
on both sides of this load was not observed, although this pheno- 
menon has been frequently observed when the voltage has been varied, 
it having been possible to run machines perfectly in parallel, both 
above and bclow a certain critical voltage. 

Similarly the effect of saturation should also be neglected, as just in 
the case of a machine on short circuit the flux producing the cross- 
current is very small, and therefore saturation does not come into 
account. This means that the value of the synchronising current 
should be obtained from the straight portion of the saturation curve 
and from the short-circuit curve, and will be dependent on the voltage 
and only very slightly dependent. оп the load which the machine 
happens to be carrying, unless, of course, the variable load is associated 
with a very different torque diagram of the engine. 

The author's graphical treatment of the actual amplitude of swing 
is very interesting, but I venture to suggest that this might be handled 
in rather a simple manner. 

The first thing to know in connection with the engine driving an 
alternator is not the cyclic irregularity by which the author presumbly 
means the variation in the velocity expressed as a percentage of the 
mean velocity, but the actual displacement during one revolution 
which a point on the wheel will have relatively to the position that 
such a point would occupy with uniform rotation. For, after all, it is 
this displacement which determines the amount of cross-current which 
will low between two machines. 

Then, knowing this, the next thing is to determine how far 
resonance is likely to amplify this initial displacement. The general 
shape of a resonance curve is well known, and it is therefore suthcient 
to know that if the natural frequency of oscillation of the alternator is 
not within a range about 20 per cent. below or above that of one of the 
harmonics of the engine impulses, the exaggeration of the initial 
displacement will be comparatively small. 

The author in his paper deals apparently exclusively with the case 
of two exactly similar alternators running in parallel, or, what is 
the same thing, one machine running in parallel with another oi 
infinite capacity, that is, exceedingly large flywheel and negligible 
impedance. The frequency of oscillation of such a combination can be 
worked down to a very simple formula, which, assuming 50 cw and 
a value of short-circuit current of 3 is equal to— 


120 | 
/toot-tons per kilowatt’ 


Therefore all that is necessary to ensure safety is to first of all sec 
that the flywheel is big enough to give a small initial displacement, 
and, secondly, by means of this formula to determine that the natural 
frequency of oscillation does not coincide with any of the harmonic: of 
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the engine impulses, and preferably this frequency of oscillation should 
not exceed 7o per cent. of the fundamental harmonic. 

The gencral problem is to determine the frequency of oscillation 
between machines of quite different tvpes, and although this can be 
done, it is not quite so simple as the case dealt with by the author, 
and care must be taken that resonance does not occur between this 
frequency and that of the impulses of either of the prime movers. 

With regard to the use of dampers, I would like to ask the author 
whether by their means it is possible to make slow-speed alternators 
driven by gas engines run satisfactorily in parallel if the frequency of 
oscillation is made to fall midway between the fundamental harmonic 
occuring once every two revolutions and the next higher occuring 
once per revolution. At the same time, it seems to me that the usc of 
dampers must necessarily be rather limited for the reason that machines 
normally have definite poles, and although the alternators may swing, 
the flux would still tend to come out from the crown of the pole-shoe, 
or, in other words, is nearly stationary with reference to the pole, and 
therefore would not induce currents in the short-circuited bars to 
auything like the same extent as occurs in, say, an induction motor. 

On page 553, in the Appendix to the author's paper, mention is 
made that high-speed rotors are balanced at the critical speed of the 
balancing machine. I venture to say that this is not a usual method of 
doing this, as especially, if the rotor is badly out of balance, everything 
is shaking too badly to allow proper markings to be taken; and, 
secondly, unless resonance is exact, the angle of the marking may 
differ considerably from 9o*. А better way is to keep the tension of 
the springs comparatively low and take the markings on the rotor 
when it is running at a speed several times the critical speed of the 
balancing machine. 

Mr. С. W. О. Номе: Mr. Clough has already referred to the 
remark made by the author, that the English engine builders quite un- 
knowingly and unintentionally avoided this difficulty. I think this is 
rather hard on the English engine builders. Probably our chairman is 
the one most fitted to give an opinion as to whether the engineers were in 
ignorance of the benefit they were deriving from the use of high-speed 
engines for driving alternators. I think the fact that very little has 
been published in English technical literature on the subject is 
probably due to our national characteristics more than anything else, 
and not to the fact that we have not had the trouble, and had to get 
over it. If hunting is going on between two alternators due to the 
governors, the English engineer will probably alter the governor until 
he stops it, in blissful ignorance of the fact that Professor Fóppl has 
reduced the phenomenon to an equation of the fourth order occupying 
about two lines. I think a very interesting point to which the author 
draws attention is the importance of the valves being properly set so as 
to equally distribute the steam on each side of the piston. In some 
experience I had some years ago in dealing with the parallel running 
of alternators, I found that that was the usual cause of the trouble. 
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After a lot of argument between the engine builder and the dynamo 
builder—the three-cornered passionate fight to which the author refers 
—it was usually found on getting the indicator diagrams of the engine, 
and allowing for the inertia of the moving parts, that the turning- 
moment diagram was very bad. One actual case which came under 
my notice is shown in the diagram, Fig. A, on the wall. 

The diagram represents the actual turning moment of an engine 
with two cranks at right angles that was supposed to have a prcttv 
uniform turning moment with four pulses per revolution. The thick 
black line represents the actual turning moment for the engine, cal- 
culated out as nearly as possible. It is pretty obvious, here, that the 
cause of the trouble is the high peak. The dotted line is simply the 
fundamental sine wave of the series representing the turning-moment 
diagram. This fundamental wave is sixteen times as important as a 
wave of the same amplitude having four times the frequency. The 
actual flywhcel that would be required in these circumstances would 


en 
оссо momo 


FIG. А. 


probably have three times the moment of inertia of the flywhecl that 
was actually fitted to the engine, on the assumption that the turning- 
moment diagram would have a normal amount of irregularity. I 
believe this was entirely cured by altering the valve settings of the 
engine and thus altering the steam distribution. There is one point in 
the paper that does not seem to me to be very clear. Dr. Rosenberg 
says on page 538: “Тһе critical flywheel effect, therefore, is not only 
in inverse proportion to the third power of the speed, but besides, in 
direct proportion to the number of pole-pairs, and a certain tvpc of 


. engine with a certain cyclic irregularity will only be equally adapted 


for parallel-running alternators under the condition that the periodicity 
of the alternators is proportional to the speed of the engine. There- 
fore, if an engine with a cyclic irregularity of ;35 and a speed of 
250 revolutions gave good results with a frequency of 50, we can safely 
say that an engine of the same type, with the same irregularity, will 
give good results with a similarly dimensioned alternator of 25 periods 
at a speed of 125 revolutions, but we can draw no conclusions as to the 
fitness of this engine for an alternator of 50 periods and 125 revolu- 
tions.” That would lead one to imagine that the same engine and the 
same flywheel would be equally suitable in each case, but I believe that 
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for the same cyclic irregularity at half-speed the flywhcel would have 
to possess eight times the moment of inertia. I thercfore think it is 
rather misleading to say that an engine with that cyclic irregularity 
would be equally suitable, without drawing attention to the fact that 
the flywheel would have to be increased eight times to give that same 
cyclic irregularity. I do not know whether the author has seen a 
paper read before the American Institution in 1904 by Mr. H. H. 
Barnes, in which the author suggests the use of small flywheels and 
amortisseurs, and less stringency in limiting the oscillation. This 
would mean large cyclic irregularity, and working below the shaded 
bands in Dr. Rosenberg's diagrams. The circulating currents would 


be large, but Barnes maintains that these give no trouble if not' 


allowed to exceed 25 per cent. of the normal current. I should like 
to hear from the author whether he has seen that paper, and what he 
thinks of it. I notice that in the three or four examples given, the 


Fic. B. 


cure always ѕсетѕ to be more flywheel. Every difficulty was got 
over by increasing the flywheel. Another point to which I should like 
to refer is that the author often uses the term “ cyclic irregularity.” 
I do not think as a matter of fact he defines it; I suppose that he 
assumes that it is known. I would like to know how the author gene- 
rally determines this cyclic irregularity. On page 541 he uses a constant 
C, which has been determined from some specimen engines of different 
makers. I would like to know how he determines the cyclic irregu- 
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larity of the engine. It seems to me to be a thing that is very difficult - 


to determine. I know that several practical methods have been 
suggested, but most of them seem rather laborious and inaccurate. 
In Figs. 3, 4, and 5 the fact is brought out that when the flywheel is so 
heavy that the natural frequency of the alternator is lower than that of 
the engine impulses (4 less than 1), the forward position of the alter- 
nator corresponds with minimum engine torque, whereas, when the 
flywheel is so light that the natural frequency of the alternator is 
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higher than that of the engine impulses (q greater than r), the extreme 


forward position is reached with maximum engine torque. This can be 


shown in a simple way by suspending a small weight from the bob of a 
pendulum. The small weight will have a natural frequency of its own 
depending on the length of thread, and on setting the upper pendulum 
swinging it will set up forced vibrations in the lower one, just as the 
engine forces the alternator to oscillate. If their frequencies coincide 
we shall have resonance. If the thread is lengthened, its natural 
frequency will be reduced (4 « 1), and the oscillations set up in it by 
the movements of the upper bob will be as shown in Fig. B. И the 
thread is shortened (9 > 1), corresponding to a light flywheel, we shall 


` have Fig. С. 


Dr. SiLvaNus P. THOMPSON : All of us who have from time to time 
studied the contributions that Dr. Rosenberg has made to the literature 
of this subject in the pages of the Elektrotechnische Zeitschrift must be 
glad to welcome the author to explain to us in English what is the 
bearing ot his researches on this ancient controversy. We do not 
regard it as quite dead in this country. We do occasionally have cases 
occurring of alternators hunting, but they do not trouble us very much, 
because in the process of time those who have met with this trouble 
have learnt how to cure it. Much light was thrown years ago on this 
question by the better study of the balancing of engines in general, and 
although the diagrams that one has to study and the models which 
display the phenomena of the balancing of engines go a long way, they 
do not take us through the theory of the balancing of alternators so 
that they shall not hunt. There was certainly room, in spite of all that 
has been done, for an investigation of this kind, which is partly mathe- 
matical and partly engincering. It has already been remarked that we 
have on the market no definite purchasable instrument for measuring 
cvclic irregularity. I wish there were. I have seen various experi- 
mental apparatus, and there are various ways in which the problem 
of measuring the irregularity of an engine may be attacked. I believe 
there are four different things which we might measure. We might 
measure (1) the cyclic irregularity of torque; (2) the cyclic irregularity 
of acceleration, which comes to the same thing ; (3) the cyclic irregu- 
larity of speed; (4) the cyclic irregularity of position—that is to say, 
what Dr. Rosenberg calls “ slip," by analogy with the induction motor, 
meaning here the angle of advance of one part beyond the mcan 
position. As there is not, in commerce at any rate, a handy instrument 
for measuring any one of hese things, cyclic irregularity is not so 
familiar to us as it might be; and the values that are commonly 
assigned are certainly open to considerable question as to their pre- 
cision. I wish we had better mcans. My mind goes back, and yours, 
too, sir, I have no doubt, to incidents which happened in the Midlands 
a good many years ago, when certain alternators, for the design of 
which I think you were not responsible, were found to give trouble 
from hunting ; they would not run in parallel. They were in a station, 
the able engineer of which (and he was an able engineer) had an estra- 
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ordinary penchant бог slow-speed engines. He would have the slowest 
of slow engines he could obtain ; and he had his reward, for they 
hunted. The makers of those engines, who were first-rate makers, 
could not give us any information whatever about the amount of cyclic 
irregularity to be expected. ] remember watching, along with my 
friend Professor Unwin, the experiments which were made with a 
rigged-up instrument for detecting and measuring the irregularities 
in the rotation of those engines. The mechanical remedy which Pro- 
fessor Unwin recommended was a good deal better than any electrical 
remedy I could suggest; it was simply to put on more flywheel ; and 
the trouble was then to a large extent, though not entirely, obviated. 
The author himself says that we cannot increase flywheel effect 
indefinitely. Theoretically we may cure any irregularity by simply 
piling on enough hundreds of tons of flywheel, but it does not suit 
every case. One other thing the author has most clearly shown to us, 
and that is that we ought to avoid driving alternators with any kind of 
engine that runs under 100 revs. per minute. If we try to translate 
that into poles of machines intended for a normal frequency of 50 
periods per second, it means we must on no account use any alternator 
that has 60 poles or more—I would rather say, has more than 40 poles. 
Of course, in this country we are much more accustomed to machines 
with 4 poles, or at the most 6 poles, than machines with 70, 8o, 9o, or 
Ioo poles, such as we see sometimes in low-speed stations. Of course, 
I am not speaking of the large machines driven by water turbines, 
where cyclic irregularity does not count, and where the very slow 
speed suitable for water turbines makes it possible to use alternators 
with very large numbers of poles. Our English experience has cer- 
tainly gone in favour of high speeds as freeing us from this trouble. 
Amortisseurs and dampers of various sorts are all very well, but I have 
never been able to understand why a mere chunk of copper placed 
between the tips of the poles should satisfactorily act as an amortisseur. 
Amortisseurs, as far as I can see, to be useful ought to pass through the 
poles, and not lie simply between them. Another point that the author 
has brought out is a somewhat surprising one; at any rate, it has 
surprised me, because I know so little about the subject, and that 
is that, in spite of cyclic irregularities, it is safer to use single-acting 
gas engines than double-acting ones. It seems their performance 
is further away from the zone of danger. ‘That seems to be an 
extraordinary thing. 

Let me, in conclusion, thank Dr. Rosenberg tor two things that he 
has put into his paper: first, the account in Appendix I. of an 
extremely neat and ingenious apparatus for testing the balance of an 
armature ; and, secondly, the excellent examples from practice on 
pages 547 to 550, which it will be very well worth while every onc of 
us to mark, read, and inwardly digest. 

Mr. H. M. Savers: Some now present will remember that a great 
many years ago you, sir, read a paper and gave some practical demon- 
strations showing that trouble from the hunting of alternators could be 
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avoided, to a very large extent at any rate, by building alternators 
in which the armatures had small ohmic resistance and inductance, 
and in which the armatures and magnets were so proportioned that 
the machines were good regulating machines. Dr. Rosenberg to-night 
has repeatedly said that improving the regulation of a machine will 
narrow the danger zone duc to the engine fluctuations. There 15 not 
an entire absence of theoretical treatment of this subject in English. 
There are two papers by Dr. Bertram Hopkinson, one read before the 
British Association and the other read before the Royal Society in 1905. 
I find that those two papers give an extremely lucid account, when 
translated into enginecring dimensions, of the whole subject. My 
principal interest in running alternators in parallel has not been as a 
designer either of engines or dynamos but as a central station man, and 
I have had one or two experienccs which it may be useful to put on 
record. The effect of engine governors hunting is to throw the load 
about from one machine to the other, in accordance with the frequency 
of the governor oscillation. A very simple cure for that is to run all 
the engines, excepting one, without governors, making the one engine 
govern the speed of the whole station. The others have to be regulated 
by throttle for the division of the load. The effect of different charac- 
teristics of alternators upon running in parallel was very well demon- 
strated in a station of which I was in charge. There were nine 
machines of similar size and output ; the engines were identical. Six 
of the alternators were of an earlier type, and threc of a later type. 
The three later type machines were much worse regulating machines 
than the six earlier machines. They were cheaper machines, having a 
shorter air-gap, and they required a much larger percentage difference 
of excitation between no load and full load. Those three machines 
would not run in parallel together at all. They behaved in the worst 
possible way. The six сагПег machines ran in parallel very well, and 
the bad machines would run fairly well in parallel with the good 
machines. In the same station there was a higher speed engine with 
another type of alternator—a very much better regulatiug machine— 
which was capable of reducing any of the others to good behaviour 
when run in parallel with them. It is a very curious thing that 
one excellent regulating machine will keep in order five or six 
badly regulating machines which will not run well in parallel 
together. 

The PRESIDENT (Mr. W. M. Mordey) : It may be intersting to some 
of the younger members to know that it is exactly forty years ago this 
month since the first paper was given on the parallel working of alter- 
nators. This was by our honorary member, Dr. Wilde, who, in the 
Philosophical Magazine for January, 1869, contributed a paper “ On 
a Property of the Magneto-Electric Current to Control and Render 
Synchronous the Rotations of the Armatures of a Number of Electro- 
magnetic Induction Machines." "Twenty years afterwards, in re- 
ferring to that paper, I said: “Іп 1868 Wilde described parallel 
working and synchronous action of generators, and so nearly 
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obtained motor action that it is extraordinary hc should have тһе 
missed it." * We are glad that we have still on our roll of members the President. 
man who so long ago did this practical pioneer work, at a time before 
there were definitions of such things as amperes or volts ; when there 
were no ammeters or voltmeters ; and when the strength of the current 
was often mcasured merely by the heating effect (the temperature not 
being stated) of No. 16 copper wire, the specific resistance of which 
varied very much. Then we must not forget that it was Dr. John 
Hopkinson, one of our most distinguished Past-Presidents, who in 1882, 
not knowing of Wilde's work, arrived at a mathematical proof of the 
possibility of parallel working,+ and in conjunction with Professor Grylls 
Adams, another Past. President, followed it up by a paper here describing 
successful practical parallel working with the old magneto-alternators 
in the South Forcland Lighthouse.{ Professor Bertram Hopkinson, 
following in his father’s footsteps, has written, and written well, on this 
subject of parallel working of alternators. Turning now to the paper, I 
would like to ask the author to say something about the use of flexible 
couplings in the driving of alternators. I ask this because of some 
experience with Westinghouse gas engines coupled ficxibly to alter- 
nators. They were not very large—about 150-k.w. 50-period with 3-crank 
single-acting vertical gas engines. I ran them in parallel, and I must 
say I never saw better parallel working. The driving was through a 
flexible spring. The excellent working was, I believe, very largely due 
to those flexible couplings. With regard to the question of governing, 
I remember one case with very slow-speed Corliss engines by a very 
good maker, driving alternators direct coupled, where I could not get 
them to run parallel at all until I took the governors off and ran on the 
throttle valve, and then I had no difficulty. In that case the governors 
were slow running with large balls. 

The question has been asked by one of the speakers, How 15 the 
variation of turning measured? І believe it is generally calculated, 
but it ought to be possible to measure it by an apparatus including 
a dead-beat reficcting voltmeter. With fixed excitation the volts 
vary directly as the specd, and the indication ought to be sufficient to 
show the variation of turning. In my early attempts to make alter- 
nators work parallel I realised that to get parallel running it was 
necessary that the field current should not be disturbed by the armature 
current. Some alternators were made so that the armature was like the 
primary of a transformer, the field being the secondary—in such 
machines a secondary current was overlaid on the ficld current, causing 
a disturbance of the field, and preventing parallel running. The 
subject is an interesting one to me and to all who remember the great 
difficulties we used to have in the early days, the difficulties for which 
electrical engineers were often blamed, but which should often have 
been put on the shoulders of the engine makers. 
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DISCUSSION AT MANCHESTER, JANUARY 28, 1909. 


Mr. S. J. WarsoN : I wish to thank Dr. Rosenberg for having given 
us this paper to-night. The work carried out by him in investigating 
this important subject is deserving of the highest praise, and we must 
admit that he writes as an expert on this particular matter. The 
question of parallel running of alternators is one that has always been 
open to discussion. In the early 'nineties I suppose alternators were 
very little run in parallel—they were invariably sectioned on to different 
feeders, and as the load went off change-over switches were used, so as 
to gradually transfer the whole of the load on to one machine. The dith- 
culties experienced at that time were, of course, very largely due to 
100 periods being the standard practice. Since then the standard 
periodicity has become 50, which makes parallel running considerably 
simpler. The difficulties experienced in the past in connection with 
alternators in parallel have usually occurred through the prime movers. 
If all the prime movers are of the same size and of the same type, they 
usually possess the same characteristics, and consequently with reason- 
able care in operating no trouble should arise. Large slow-speed two- 
or four-cylinder gas engines are used to a considerable extent on the 
Continent for driving alternators in parallel, and they appear to work 
excellentlv, due to the fact that the units are usually of the same size 
and speed, and consequently have the same irregularity of cycle, but 
whether they would run equally well in parallcl with, say, a steam turbine 
set, is doubtful. The best type for parallel running is undoubtedly 
the turbine, and the second best type I am personally acquainted with 
is the high-speed multiple-crank tandem compound engine—that 15, 
where three complete engines work on one crank shaft. 

Mr. MiLES WALKER : In this paper all the considerations bearing 
upon the subject have been gathered together, and we have a treatise 
which is very complete and yet wonderfully lucid. The curves given 
enable us to tell almost without calculation whether any particular 
alternator set will run in parallel in any particular station. This 1s 
most valuable information, and may in future save engine builders 
and alternator builders many hard words. 

Consider for a moment the successive stages in which the subject 
hides itself in complexity. We have first an electric current and ao 
electromotive force; then an alternating current and voltage which 
are Out of phase. To get clear on these we must plot clock diagrams 
and advance to the conception of the alternator and the effect of its 
current upon its voltage and the position of its field magnet. Then 
we tackle two alternators in parallel. All is serene as long as they keep 
the same speed. But we are asked to permit them to swing their 
phases relatively to one another. Very well, we will try to imagine 
that on the diagram. Now introduce the engine with an irregular 
turning moment and a flywheel which always seems to be displaced 
in the opposite direction to what one would expect. Then consider 
the engine beats with all the various harmonics. Then а lot of engines 
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and a lot of alternators and flywheels with different constants, and one 
is asked to say what is going to happen. Most engincers gave the 
problem up long ago. They said, Put оп a heavy flywheel and trust 
to luck. But that plan has led to many failures. Nor is the problem 
when presented by the actual machines any less confusing than when 
put on paper. One stands at a switchboard and watches the instru- 
ments—perhaps all goes well until one of the machines is shut down : 
then the instrument on the interconnecting board begins to swing. It 
has a curious wobbly swing that rises in surges aud falls suddenly to 
zero and up again. The attendant rushes to a rheostat and turns it ; 
matters are worse. He turns it the other way ; they are better for a 
time and then grow worse. He signals to the man at the throttle, and 
tries blindly to do something to stop the swing. But the needle rises 
and rises, and finally dashes to the end of the scale. Out go the inter- 
connecting breakers, and that is the end of parallel running for that 
day. Here in this paper we have the reason for it all. There are some 
minor points open to criticism. In the first place, the symbols on the 
formula are not as well chosen as one would like to see in a paper 
which is to be an authority and constantly referred to. Letters having 
the same name and distinguished only by the kind of type are not 
good. Secondly, I would like to have a more exact definition of the 
“ net vector." Does it correspond with the busbar voltage? Does it 
have a constant speed? If so, how can І, о represent the synchronising 
current and be independent of the self-induction of other machines ? 

Mr. J. S. Peck: I do not agree with what Mr. Watson said about 
generators of the same size and same make always operating in parallcl 
satisfactorily, because I know of a few cases where both engines and 
generators were made by the same manufacturers, at the same time, 
to the same specifications, and yet there was the greatest difficulty 
experienced in getting satisfactory parallel operation. 

Mr. R. PoRTER: I am particularly interested in the curves of critical 
flywheel effects, especially as affecting gas engines. It appears from 
Fig. 13 that double-acting tandem engines are likely to give trouble if 
the flywheels are designed only from a mechanical point of view. I 
have seen a great number of installations of this type driving alternators 
in parallel with absolutely no trouble, but have only noticed in one 
instance the use of special damping devices. This instance is the 
Milwaukee Northern Railway Company, U.S.A., where twin-tandem 
double-acting 2,000-H.P. sets are in use. The single-phase generators 
in this case having solid steel poles, and a brass ring on each side of 
the rotor fixed to the pole-pieces by brass screws, I should like to 
ask the author what he has found the practice to be in this matter. 
Usually, the only specification that the gas-engine maker receives is 
that the flywheel effect should be sufficient to ensure a cvclic irregu- 
larity not exceeding 1 in, say, 250. This is calculated graphically from 
the engine curves, and a good margin of safety added to allow for 
possible misfires, etc., and I am not aware that the generator makers 
ever give any information as regards the electrical conditions of their 
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machine, as the paper indicates should be done. Perhaps the author 
will tell us whether this is being done anywhere in practice vet. 

Mr. A. E. MCKENZIE : I should like to relate an instance of hunting 
that came under my observation about eight years ago in London. The 
original installation at the station in question consisted of a number 
of alternators, each of 200 k.v.a., running at 200 revs, per minute, 
50 periods; then three 400 k.v.a. sets were installed, which were 
single-crank engines, Unlike the experience of Mr. Watson, cither 
of these three sets would run equally well with the other sets, but, 
strange to say, no two out of the three would run together. I tried 
synchronising the cranks, I tried the cranks at all angles by means of 
a megaphone and contact-pieces on the flvwheels, but could not get 
them to run in parallel. Eventually the whole trouble was cured by 
putting copper damping rings round the pole-pieces, after which anv 
combination ran well together. In the same station were some motor 
alternators made by Messrs. Brown-Boveri, which were identical, but 
they would not run together. They would run well with any of the 
other sets, but not in parallel with each other. Eventually that trouble 
was overcome by shaping off the edges of the poles, thus making the 
air-gap between the pole-pieces greater, and when that was done we 
had no further difficulty. | 

Mr. C. C. ATCHISON: I am afraid my experience of alternators is 
somewhat limited, but you, sir, have referred to running them on 
separate circuits. As a matter of fact, I had to deal with an arrange- 
ment of this kind where they did not have to run in parallel. The 
only occasion on which they did happen to run in parallel was, I think, 
simply due to carelessness, and after that we had no switchboard—it 
was simply burned up. The generators happened to get in parallel, 
and we were shut down. Looking back, I remember many сопхегха- 
tions taking place between various engineers of the troubles experienced 
in the parallel running of their alternators; but in most cases, I believe, 
those troubles arose in connection with roo-period frequency used in 
those davs, and in some cases they had to divide up their switchboards 
in sections and work the alternators on the separate sections. Speaking 
of motor alternators calls to my mind an occasion I had for running 
some a few years ago. They were built by a firm which had, up to 
that time, experienced no trouble in running similar type and size of 
machines in parallel, but when they came to run these sets they found 
the machines hunted badly, and finally had to be shut down. Then 
an amortisseur arrangement was fitted, and the machines ran satis- 
factorilv. Since that date they have, I believe, experienced similar 
trouble with other machines, and have made it a standard practice 
to fit amortisseur coils on all they build of this type. 

Mr. A. F. Guy: So far as I can recollect, this is the first paper 
dealing so thoroughly with the subject of the harmonics and oscilla- 
tions of an alternator. Most of the papers read in this country have 
dealt with synchronising on the busbar, etc. There are one or two 
points I should like to draw attention to. First, Dr. Rosenberg speaks 
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about the fundamental wave that is due to insufficient equality between 
the pressure on each side of the piston. I should like to ask him if he 
thinks the use of steam turbines would diminish this fundamental 
wave, because in a turbine we have almost uniformity of torque, and 
in a reciprocating engine the torque varies slightly from the admission 
of steam to the cut-off point, and will then decrease rapidly ; hence we 
get a varying speed throughout one revolution. I should like to know 
of any practical experience obtained for reducing the fundamental 
wave by using a more constant speed. 

The next point is, suppose we have two steam-driven alternators 
exactly the same power and build, say, anything from 500 to 1,000 H.P., 
and that the cut.off of one is a shade earlier than that of the other, 
would not that induce further surgings and harmonics? and if it were 
possible to get the two cut-offs to act precisely at the same moment on 
each engine, which is perhaps difficult, would not that probably help 
matters a great deal? Further, is there any method of finding out to 
what degree any difference of time in the cut-off between the two 
engines would increase the surgings or resonance? 

The third point is, is it practicable for condensers to be used to 
correct these harmonics? I mean, are condensers commercially made 
yet that can be used so as to induce some capacity and so kvel down 
these different harmonic waves ? 

Mr. M. HARTENHEIM : It would be interesting to know what influence 
the wave form of the E.M.F. curve has on the parallel running. The 
troubles of the machines in London mentioned by one speaker were 
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perhaps due to such differences. In a similar case which has come to ` 


my knowledge, old generators, the wave-form of which differed widely 
from the ordinary sine wave, refused to run in parallel with modern 
generators with sinusoidal E.M.F. curve. The trouble was over- 
come simply by altering the form of pole-tips of the old machine. 
It is clear that great differences in the momentaneous values of the 
E.M.F. curve produce heavy cross-currents between the machines, 
and these might have unfavourably affected the parallel running of 
the said generators. 

Mr. J. Н. THoMas: I think it is the introduction of the large gas 
engine that has more than anything else led to the researches of Dr. 
Rosenberg. About three years ago I had occasion to refer to the 
papers mentioned on the last page of this paper, and the formulz 
since that time, and especially these curves, have been greatly simpli- 
fied. Dealing with the question of flywheel effect, and the great 
amount of weight necessary, I may mention that I know of one case 
where an alternator of 1,600-k.w. output is driven by a Nürnberg gas 
engine, twin-tandem arrangement, of 2,400 H.P., speed 94 revs. per 
minute. The flywheel inductor of the alternator weighs about 76 tons. 
The firm with which Iam connected have developed a special type of 
alternator where the rotor revolves outside the stator. It makes a 
rather ugly sort of construction, but it seems to be efficient. I think at 
the present time it is very general for nearly all manufacturers of 
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alternating-current electrical machinery, if they do not fit damper 
windings in the first instance, to at least make arrangements at the 
pole-pieces so that they can be fitted afterwards in case of trouble. 
With regard to the remarks about condensers, I do not think that 
electrical condensers can improve matters at all, but, on the contrary, 


. would make matters much worse. 
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Mr. Watson spoke about the different sizes and types not working 
properly together; I think if calpulations are properly made there 
should not be any difficulty in working gas engines and steam engines 
in parallel, and it is being done in several cases. 

Mr. А. С. Cooper : I expected to hear something more about parallel 
running on the more practical side. Several speakers have referred 
to the running of alternators in the nineties. In a station in which 
I held the post of shift engineer we always ran there in parallel; 
they were old Mordey machines, rope-driven. The next concern I was 
connected with was the City of London Company, and there we had 
B.T.H. alternators, running with ropes again, and at Bankside the alter- 
nators were Mordey's. Later on we tried the experiment of running 
the Mordey alternators, with no iron in the armature, with Thomson- 
Houston alternators, which had iron, and we. operated quite success- 
fully the two stations in parallel, which were situated about 2 miles 
apart. Also at Sheffield we ran in parallel both Mordey and Ferranti 
machines, the former being rope-driven and the latter of the flywheel 
type, and experienced no difficulty. 

Mr. А. К. Осхтох : I should like to ask Dr. Rosenberg if there is 
any definite way or method of ascertaining whether a machine is 
generating or whether it is motoring. Some time ago I had occasion 
to run a large gas engine on test which was directly coupled to a 
direct-current generator. This dircct-current generator, bv means of 
a rotary converter, was running in parallel with a set of high.speed 
alternators. At times when the outside load fell I increased the voltage 
in order to keep my load constant, but on these occasions I had 
information from the power-house people to the effect that I was 
motoring their machines, and on investigation I found, since the 
instruments were all alternating current, that it was only by careful 
listening to the alternating-current prime movers that the attendant 
was able to say that the alternating-current generators were motoring. 
It occurred to me that had these prime movers been turbines this 
difficulty would have been greater. 

Mr. Т. Н. M. SwiNBURNE : In the case of a separate exciter plant it 
would seem that any variation in prime mover or in the exciter itself 
would not necessarily affect all the alternators in quite the same manner, 
and again there is the question of a series circuit and a shunt. I have 
not found particularly happy results in the case of one alternator being 
excited series and running parallel with another excited shunt, and I 
should like the author's experience in that particular direction. 

Dr. E. ROSENBERG (in reply) : Mr. Stoney mentioned that hunting 
troubles in turbo-alternators can regularly be cured by changes in 
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the governors. That is quite natural in turbo-alternators running іп 
parallel with each other, as here it is only the governor which produces 
an oscillating force,and by changing the duration of the governor 
oscillations the trouble is removed. It is different if the turbo-alter- 
nators run in parallel with reciprocating engines, and the wobbling of 
the instruments has the periodicity of the strokes of the engines. 

Mr. Clough and Mr. Howe mentioned the determination of the 
cyclic irregularity. The cyclic irregularity as used in this paper is 
detcrmined as the ratio— 

пах. 77 Umin, 
SERIES 

In this formula Vmax., min, and 7 mean the maximum, minimum, and 
average speed respectively during one revolution, as calculated from the 
torque diagram. I do not know of any successful method of actually 
measuring small cyclic irregularities. Many methods have been tried, 
but, as far as I know, none has been successful, mainly on account 
of the impossibility of distinguishing between the regular change 
in speed during one revolution and the irregular change in average 
speed due to the action of the governor and the varying load. 

I do not see any advantage in specifying “a limited displacement " 
instead of “а limited cyclic irregularity,” although I know that 
many firms follow the practice of giving the limit of the flywhcel dis- 
placement as 3 electrical degrees. We know that the original displace- 
ment of the engine can be increased by the reaction of the dynamo 
either to a small or to a large extent. The displacement of the single 
working machine, therefore, gives no indication whatever how the 
machine would behave when running in parallel, no more than the 
value of the cyclic irregularity of the single working machine does ; 
but, on the other hand, cyclic irregularity gives at least one really 
necessary working condition. At least, we can safely say that, inde- 
pendently of the question of parallel running, we wish to have a cyclic 
irregularity of not more than, say, 415, and if we state that we want 
in steam engines a cyclic irregularity of 535 or заб, then it gives as 
a rule a flywheel which would be sufficient for the machine from 
the purely mechanical point of view. Whereas, if you state that 
the displacement should not be more than 3°, this condition can be 
met in high-speed engines by such low figures of flywheel effect that 
no engine maker would care to use them. 

Mr. Howe criticised that the cure in the examples given by me is 
always “more flywheel.” I believe it is clearly pointed out that other 
cures are possible, and that such have been applied temporarily. In 
example A hunting disappeared on removing the single-acting con- 
denser pump. Only а calculation of Ж s. d. showed that it was cheaper 
to increase the flywheel than to replace the pump. In example B the 
machines originally installed were made to work by putting a balance 
weight in the flywheel, thus reducing the initial oscillating torque 
to a small amount. It was only when machines of the same type were 
ordered again that it was found to be safer to increase the flywhecl. 
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Example C shows that equalising the two sides of the steam cylinders 
rendered parallel running possible, and in example D the huntng 
danger is met by properly proportioning the short-circuit current 
and applying dampers. 

I did not think that the part of my paper (page 538) quoted by 
Mr. Howe could lead to the assumption that the same engine and 
the same flywheel would do for 250 revs. per minute with 50 cycles and 
125 revs. per minute with 25 cvcles. The quotation begins with 
the statement that “the critical flvwheel effect is in inverse proportion 
to the third power of the speed.” 

The paper “ Notes on Flywheels,” by Mr. Н.Н. Barnes, mentioned 
by Mr. Howe, seems only to advocate that no extra heavy flywheels 
should be used, but in all cases he wants the flywheel to be heavy 
enough to make the natural frequency of the alternator not more 
than 70 per cent. of the frequency of the impulses impressed Бу 
the engine and, in addition, he advocates the use of dampers, The 
use of such a flywheel and dampers should surely be sufficient. 25 per 
cent. circulating current should give no trouble. 

With regard to Mr. Clough's question, I believe that the use of 
dampers, although irrelevant in some cases, is of enormous value 
in others. If the flywheel effect is sufficiently above the critical value, 
dampers are ncarly useless, but if the flywheel, although heavy enough 
as regards mechanical design and cyclic irregularity, has nearly the 
critical. value for parallel running, then the use of dampers mav 
save many tons of flywhcel. I know of cases where slow-speed 
gas-engine driven alternators, with dampers, run satisfactorily іп 
parallel, although the frequency of their oscillation is nearly equal 
to the fundamental harmonic occurring once every 2 revolutions. 1 
cannot quite follow Mr. Clough’s argument about the small efficiency 
of dampers, because the flux is nearly stationary with reference to 
the pole. The flux is not evenly distributed over the pole, and if the 
ficld swings, the relative position of the damper bars to the point 
of maximum and minimum flux changes, and, therefore, an E.M.F. 
is induced in the damper bars, in the slots of the pole-shoe, which can 
produce sufficiently strong currents, using the return circuit through 
the frame at the edge of the pole-tip. Of course, in a large induction 
motor we have as a rule for 1 per cent. slip a higher torque than 
the torque of 25 per cent. normal load mentioned in connection 
with example A of my paper, but the investigation shows how valuable 
in certain cases this comparatively small damping torque is. 

With regard to Mr. Clough's criticism about the dependence of 
cross-current on the value of the excitation, I do not think this is much 
over-rated in my Figs. то to 15. It must be remembered that іп many 
cases the busbar voltage is kept higher for full load than on no load. 

I do not think that a damper inserted only between the tips of thc 
pole-shoes is quite useless, as Professor Thompson points out. The 
parts nearest to the edge are induced by the field oscillation nearly 
in the same way as if they were in the slots of the pole-shoes, and 
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the rest of the copper plate serves as a low resistance connection 
between the two bars represented by the edges of the plate. 

I cannot agree with Professor Thompson's conclusion that on 
no account should we use alternators with more than 60 poles. Of 
course, we are all convinced that the steam turbine has come to stay, 
and that so far as steam engines are concerned, there will not be 
so much demand in future for slow-speed machines. But, on the other 
hand, the gas engine exists, which in certain cases has great merits as 
a prime mover on account of its great thermal efficiency, and there 
is no need to condemn the slow-speed alternator. If the engine fly- 
wheel and the regulation of the alternator are figured out in proper 
relation to each other, the cylinder outputs equalised, and dampers 
used where a calculation shows they would be useful, then we need 
not to be afraid of hunting troubles, even with roo-pole generators. 

The machines mentioned by the President would, I think, have run 
very well in parallel without the use of flexible couplings, because 
according to their speed and flywheel effect they are distant from 
the danger zone. I believe that it is only in a few cases that flexible 
couplings will show an appreciable damping effect. Of course, the belt 
drive, which can be considered as the maximum of a flexible coupling, 
allowing slip, practically always removes the danger of hunting. 

I am sorry that a remark of mine gave rise to the misunderstand- 
ing that I do not appreciate the knowledge of engine makers. I 
wanted only to say that manufacturers who, on account of the 
advantages which the high-speed engine offers for various other 
reasons, manufacture onlv this type may, perhaps, never become aware 
of the fact that under certain conditions troubles іп engine-driven 
alternators running in parallel will occur. I have often met mechanical 
as well as electrical engineers who, while never having themselves 
experienced hunting troubles, were of the opinion that these are occur- 
rences of the past, which cannot now occur in well-designed engines 
and alternators. It will often happen that an engineer who has never 
experienced this trouble, and thercfore has never had to study thc 
question, does not know which feature of his machine makes it immunc. 

Mr. Walker's criticism regarding letters having the same name and 
distinguished only by the kind of type is quite justitied. The thing 
is worse in print than it was in my manuscript. For the final values 
I used in the drawings Old English (or Gothic) type, which is more 
clearly distinguished from the ordinary tvpe; but the letters were 
changed in the printing office into heavy ordinary (үре. 

The net vector is defined as the vector of a synchronous machine 
replacing the net and taking at every moment the same current as the 
net would take. 1n the case of lighting load or induction motor load 
the net vector is lagging by a fixed angle behind the busbar vector. 

Mr. Walker is quite right in pointing out that in many cases the net 
vector will not rotate with constant speed, but may have an additional 
oscillating movement; that does not affect our calculations, it means 
only that we have still another component of a synchronising force 
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with another frequency. Now, in all our calculations we separated 
the components and treated each oscillating torque of a given frequency 
on its own merits, calculating the value of the reaction quotient g 
for this given frequency. The same holds good in the case suggested 
Бу Mr. Walker, а case that is really treated already in the example D 
on page 549. Іп this case the net vector сап be assumed as oscillating 
with 94 revs. per minute, and what we did was to find the conditions 
for resonance with this frequency of oscillation. 

I agrce with Mr. Watson’s remark as to the adaptability of 3-crank 
engines for parallel operation as far as high-speed engines are con- 
cerned, fitted for mechanical reasons with a good substantial flywhecl. 
But for machines of this type of moderate speed fitted with a flywhecl 
just sufficient for a cyclic irregularity of 1 to 200, or 1 to 300, the results 
would be different. As to identical prime movers, both theory and 
practice show that they can give troubles. 

Damping arrangements in generators driven by single-acting pus 
engines with one explosion per revolution are not necessary, and give 
no advantage in 50-cycle machines of the standard regulation and 
speeds of 100 revs. per minute or more, but I would strongly advise . 
them in double-acting slow-speed twin-tandem engines. 

The suggestion of Mr. Guy's whether condensers could be applied 
for the higher harmonics seems to be due to a misunderstanding ; the 
pulsations of power from one machine to the other are not caused by 
higher harmonics of the E.M.F. wave, for this would have a frequency 
of a multiple of 50 for 5o-cycle machines, but by the higher harmonics 
of the torque diagram of the engines. 

Mr. Hartenheim mentioned the influence of the wave-form of E.M.F., 
but this wave-form difference gives only rise to wattless current of 
higher frequency, and not to a fluctuation of power. If in certain 
cases a change in the pole-tips of an alternator affected the hunting, 
then it was not due to the change in wave-form, but to the change ої 
the short-circuit current connected with changing the pole-arc. This 
is equivalent to an alteration of the air-gap. ` 

As regards Mr. Thomas's question about the slip of an alternator, I 
measured the torque which the alternator gives as an induction motor 
by driving it as an asynchronous motor. In parallel-running machines, 
of course, as the average speed is strictly fixed the slip must always 
vary from + to —. 

As to Mr. Dunton's question, a wattmeter or an integrating watt- 
meter will show whether the machine is generating or motoring. 

As to Mr. Swinburne's question, I do not see that it makes any 
difference to parallel operation whether the exciters are series- or 
shunt-wound. 

A vote of thanks to the author was carried by acclamation. 
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PLANS AND RECORDS FOR ELECTRICAL 
DISTRIBUTION SYSTEMS. 


By J. W. BEAUCHAMP, Associate Member. 


(Paper received from the LEEDS LOCAL SECTION, and read at Sheffield оп 
November 23, 1908.) 


Every one in charge of an electrical distribution system of any 
importance is interested in methods of recording the electrical details, 
physical position, and courses of mains and cables, and on the larger 
supply undertakings considerable attention is generally given to the 
development of a practical system of record keeping ; but cases are not 
wanting where the importance of this work is underrated, and the 
methods in use are less effective than they might be, or if satisfactory 
during the earlier years of the under'aking's history, are found 
incapable of being readily extended and developed as the size and 
complexity of the network increases. Possibly the chief weakness 
of mains recording systems in general lies in the fact that they are not 
in continual use, and except in case of faults, which become yearly less 
frequent by reason of the improvements in the technique of cable 
making and laying, the plans are only referred to for the purpose of 
designing and recording extensions, and those who are continually 
working upon the mains system acquire such an intimate knowledge 
of its details that a great temptation exists to leave the records in a 
less complete condition than is desirable. Although when kept in a 
simple and almost diagrammatic way they may sufficiently well present 
the scheme of distribution as a whole, vet it will be found that the 
possession of an up-to-date, well indexed, and fully detailed set of 
plans and written records will reduce the costs of maintenance and 
avoid delays and waste of labour in times of emergency. 

Whatever the system of recording adopted, it should be possible 
readily to obtain the following information :— 


Concerning every building, pit, duct, or cable forming part of the 
distribution system. 

Name of district, and public or private way, or other definition 
of position. | 

Position of ducts, or cables in roads, footpaths, or open ground 
with regard to fixed points such as buildings or recognised 
boundaries. 
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Depth of ducts or cables with regard to permanent road, or path 
surfaces, or bench marks. 

Fall or inclination of drained ducts and conduits. 

Particulars of ducts and cables, with full details of type form, size, 
and references to tests made. 

Date when laid and brought into use. 

All the particulars to be kept corrected up to date so that the 
record always presents the existing state of the system. 


References to special plans and to the cost books, enabling any 
altcrations which have been made to be traced so that the way in which 
the existing condition of the network has been arrived at can be readily 
ascertained together with the total expenditure which has been en- 
tailed as distinguished from the cost or value of the mains, etc., as at 
any time standing. 

Origin and destination of each duct and cable, or sufficient references 
and information to enable it to be fully traced backwards and 
forwards. 

Physical position and electrical particulars of every junction, branch, 
or service connection on any cable. 

Recognised address or definition of ali premises or places connected 
to the supply, with particulars of the capacity of the apparatus con- 
nected, electrical balancing, etc. 

The basis of all systems of records must be found in a recognised map 
of the district, and, when sufficiently elaborated by means of large scale 
sections, it may be possible to delineate upon it all the required infor- 
mation ; but generally in large systems and the more important parts 
of small ones it becomes difficult, if not impossible, to show sufficient 
details of the numerous ducts or cables in use unless the maps are 
drawn to a very large scale, when the whole record becomes unwieldy, 
and the tracing of a few hundred vards of cable may involve turning 
up and handling many distinct sheets. Large scale maps have also the 
drawback that it is difficult to see any considerable portion of a net- 
work at a glance, which is very necessary when considering the scheme 
as a whole or planning extensions. Attempts have been made to over- 
come these difficulties and to provide a practical system which should 
be capable of indefinite extension by using the maps for the dclineation 
of the main features of the system and recording all details in books 
or on cards in such a manner that they can be easily turned up from 
references found upon the maps. 

A mixed system of this class has been developed for the Mains 
Department of the Sheffield Corporation undertaking during the last 
five or six years, and is at present giving good results. Its chief features 
and method of working are as follows :— 


А key map of the city divided into squares and marked with 
reference numbers to a set of Ordnance Sheets (scale 1 in 500 


or 41'66ft. to rin.) to cover the area included in the city 
boundaries. 
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The area enclosed by lines joining up the extremities of existing 
mains is about 8 square miles, which represents the size of the district 
over which supply is at present or can generally be given without 
making any great extensions. On these Ordnance Sheets the positions 
occupied by pipes and cables are shown as follows :— 

All the pipes and cables on either side of a road are represented by 
a single line on that side of the road on the map, Aigh-tension cables 
being indicated by a red line, low-fension cables by green, spare pipes by 


yellow, draw-boxes by a square (black), sub-stations by a square (green), . 


switching pillars and boxes by a circle (green), service connections by 
a tec-line off the cable, to scale with regard to position along the build- 
ing line. 
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In addition, densely cabled areas are re-drawn to a larger scale, 
permitting of more detail and sectional insets being shown where 
needed (Fig. r). 


On the plans draw-boxes, disconnecting pillars, and sub-stations of - 


every kind are marked with a number referring to lists and cards kept 
in an index cabinet. These cards are specially ruled, and when filled 
in each one shows details of size, position, and contents of any two 
adjacent draw-boxes, and a cross-section of all ducts and cables between 
them, this information being amplified by means of detail sketches on 
the back of the card where the complexity of the work calls for it. 

Numbers referring to the Ordnance Sheets on which the courses of 
thc detailed cables appear are also given on the card. 

Having the system recorded in this way the working procedure is 
as follows :— 

For Extensions.—Vull particulars of pipes, cables, and courses to be 


шын 


1908. | ELECTRICAL DISTRIBUTION SYSTEMS. 579 


9cale 


MEE ydsio 5 о 10 о у 40 50 yds. 
|0 н тнннн == 
| Zu 
`. : ( 
"Sl : ! 
‘ 


У | Length : | ; Name 
Position. in Yards. No. of Boxes. | Size of Boxes. of Street. 


Crossing and 
Footpath 


Kingfield Road 


WHEN. 


| 


| Drawn in. 


01-3 Core 


Total Lengths | CIO 95 n A А В. 


CHECKED: G. F. D., Asst., 
C.D., 17/7/08. 


REFERENCE: E. CP. 578. M.W.O: 727 · 08. 


Fic, 3.—Electric Supply Department—Extension of Mains. 
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followed are entered оп a printed form (Figs. запа 4). This constitutes 
an instruction to the draughtsman who makes the tracing from the 
Ordnance Sheet or Sheets of the locality where this work is to be 
carried out, and the proposed cables are shown upon it in a different 
colour from that used to indicate existing works. From this tracing 
prints are obtained for the use of the Post Office and road authorities 
whose permits have to be obtained. When the work is being carried 
out it is followed through by a draughtsman, who obtains precise parti- 
culars and measurements in a ruled sketch-book. 

From this a card is entered up and the course of the cables laid is 
marked on the Ordnance Sheet in the proper colours, where also the 
draw-box positions are marked with the consecutive numbers which 
give reference to the street card (Fig. 2), which is then filed alphabeti- 
cally under the name of the street or place. The original tracing of the 
work is also filed, asin the case of alterations : reference tothis and any 
others of the same locality will show the condition of the mains at any 
point at different periods, the Ordnance Sheets and cards being altered 
or re-written as needed to present always the existing conditions. 

Service connections are similarly dealt with, but the detail record is 
allowed to remain in the ruled sketch-books (Fig. 5), which are pre- 
served for reference. In addition to these records the whole of the 
high-tension cable system and transforming points are shown on a 
skeleton map (Fig. 6). 

Some figures concerning the size of the system and cost of record- 
keeping may be of interest. 

The network joins up two generating stations about 1} miles apart, 
and is complete in the central area. Its limits extend some 4 miles 
from the old station in the centre of the citv, and in the residential 
portion it is in a fairly complete condition. In the castern industrial 
districts there is also an extensive and heavy mains system, although 
apparently great increases will be called for before the demand in 
this direction is fully met ; consumers' connections aggregate about 
16,000 k.w. The work of recording all mains extensions, services, and 
alterations is carried out by one draughtsman and two assistants 
occupying only a part of their time, about equal to the continuous 
labour of one man and a junior, to which must be added the cost of 
supervision by the chief draughtsman and a small allowance for the 
attention of the mains engineers, For labour, say £200 per annum, the 
equipment consists of a set of maps and cards and filing cabinets— 
approximate value, £60; in addition, a considerable amount of drawing- 
ofhce material is used ; the result, of course, is a valuable and really in- 
dispensable asset which, kept in an accurate and up-to-date condition, 
is of great assistance in developing the distribution system on sound 
lines, and prevents trouble and waste in its maintenance. 

From experience gained of working with the present method several 
useful improvements of this * map and card" system of records have 
suggested themselves, and are being considered for use in new works. 
It will be easily understood that any radical alterations in an existing 
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system of records must involve an amount of work not lightly to be 
undertaken, unless very great improvement is to be anticipated. Where, 
however, records are being started or have to be re-made on account of 
the works outgrowing the capabilitics of the system in use, an im- 
portant opportunity occurs, and it becomes advisable to give consider. 
able attention to devising a system which will mect any probable 
expansion of the works even at the cost of some over-elaboration oí 
detail in commencing. In the complete system illustrated by the 
sample forms and cards which follow, the object has been to provide 
for every needful detail of cables and their position, as in the method 
above described, and tn addition, to give particulars of connections, 
loading, and balancing in an accessible form, as these particulars arc of 
the first importance in arranging for extensions and services, and соп- 
sidering the growth of the network as a whole. 

Although the forms are drawn out for a 2-phase high- and low- 
tension system with distinct low-tension networks fed from sub-stations, 
it will be obvious that very similar forms are suitable for a direct- 
current supply, the feeders taking the place of the high-tension cables, 
and the various distributors being grouped in relation to the discon- 
necting boxes or pillars in use. 

Commencing as before with— 


Ilem I. Key map of the area giving reference to the Ordnance 
Sheets. 

Пет 11. Set of Ordnance Sheets on which the course of the— 

(a) High- and low-tension cables and spare ducts are 
shown with single lines of different colours ; 

(b) Sub-stations, disconnecting pillars, and boxes, by refer- 
ence letters and numbers, as (Ss 6) (D P 110), etc. ; 

(c) Street draw-boxes or selected points in thoroughfares by 
numbers referring to the card on which details of the 
works at these points are shown. 

Пет ПІ. A map of the whole area on the largest practicable scale 
with high-tension feeders and low-tension distri- 
butors shown by a suitably coloured line, and all 
high-tension terminal points, sub-stations, or trans- 
former boxes, public or private, indicated by their 
reference number. 

Item IV. A diagram of all high-tension cables showing— 

(a) The generating station and switch panel from which 
each originates. 

(b) All tee, in-and-out, and terminal points with reference 
numbers. 

(c) Sizes and lengths of cables. 

lien V. А list of reference numbers and symbols for— 

(a) All high-tension sub-stations, pillars, boxes, and ter- 
minal points. 

(5) All low-tension disconnecting pillars and boxes. 


1908.) ELECTRICAL DISTRIBUTION SYSTEMS. 585 


Пет VI. А set of cards with accommodation for particulars 
concerning all sub-stations. 

Пет VII. А set of street cards presenting diagrammatic plans 
of the thoroughfares and sections of all the mains. 
at points as near together and numerous as is 
necessary to present a complete record of the 
network, also particulars of consumers' connections 
filled into spaces which are provided for all 
premises along the course of the mains. 

Item VIII. A file of the extension and service note-books used 
by the draughtsmen to record daily work on the 
mains. 

In this system it is sought by means of comprehensive 
forms to reduce labour to a minimum and to 
present a continual reminder of the many items 
of information which must be filled in in order to 
give a really useful record which shall make it easy 
to trace. 

The feeding and distribution of the supply from the 
station to any point. 

From any point back to the source or sources of 
supply ; and lastly— 

„Го approach as nearly as may be to presenting the 
leading features of the whole system at a glance. 


But few explanations are needed to render obvious the use and 
functions of the various items illustrated, taking— 

I. The Key Map.—This should be hung or kept in a position con- 
venient to the chest containing the records ; it is divided into as many 
squares as there are Ordnance Sheets in the set, each square bearing 
the number of the section sheet, which is an enlarged copy of it. 

2. The Set of Ordnance Sheets, varying in number with the size of the 
district. These should be kept flat in suitable drawers and arranged 
in order of their reference numbers. "They are subjected to a con- 
siderable amount of wear, being so frequently used to make tracings 
for new works, and to have extensions and alterations made upon 
them, that it is worth while to mount them upon linen, unless they can 
be used in the modern vertical draughting apparatus, which entails 
much less bending and friction upon them than is the case with the old 
sloping boards or tables. 

These sheets should be kept up to date in all details, by re-drawing 
from time to time any portions where roads and building lines are 
altered, and the position of all cables should be shown as nearly as 
possible to scale by a line on each side of, or crossing the roads, 
a system of colours being adopted to distinguish between feeders and 
distributors and empty pipes. 

The position of service connections may also be shown upon them 
to scale with regard to street corners or salient points on adjacent 
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buildings. Sub-stations and distributing boxes of all classes are 
marked with letters and numbers, referring to the cards which give 
details of them. Numerous points are also indicated by simple 
numbers which refer to the alphabetically indexed cards in which the 
whole of the streets are shown in short portions with cross-sections 
and full details of the work at every point. Beyond this no details are 
given on the Ordnance Sheets, which really act as a large scale key 
map to the rest of the record equipment, and provide exact particulars 
for every part of the area for use in planning and estimating for new 
work. 

3. The general map of the area to a large scale, with all mains shown 
in one or two colours, and the numbers of all feeder or high-tension 
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terminals marked on. This map may appear to be a scanty repetition of 
the information given on the Ordnance Sheets, but in practice it should 
be found useful to give a bird’s-eye view of the feeding system, and 
a quick reference to its principal points, while keeping in view the 
form and growth of the network and relative distances. 

4. The diagram of the whole of the high-tension or feeder cables 
from their origin at the generating station switchboard (Fig. 7). With 
reference to the details of every tee, in-and-out, and terminal point, 
with length and sizes, further vertical columns may also be used to 
record maximum amperes observed on each feeder, and reference to 
periodical insulation tests. 

As an alternative to large sheets for this diagram, long, narrow strips 
of card might be used, one for each panel on the switchboard, with space 
for reasonable increase being made in the number of tees and branches 
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off the cable. This would render it easy to re-draw any particular feeder 
in the event of great extension or alteration. 

5. The numerical list of important points and terminals divided 
into classes and arranged alphabetically as well as consecutively, each 
number preceded by a distinguishing letter, as : P— Road sub-station, 
S12; R— Street, feeder pillar, F P 31. 

6. The sub-stations cards ruled on each side, the front (Fig. 8) 
showing every high-tension cable entering and leaving the sub-station 
with particulars of— 


(a) Origin or destination. 

(b) Panel number on the sub-station switchboard. 
(c) Size and type of cable. 

(d) Maximum load observed. 

(e) Transformers, number and type. 


5 
SUBSTATION Mason Rd.. к | Py CARD № ж 


L.T. SIDE ON BACK 
FIG. 9. 


The back of the card (Fig. о) showing similar particulars of cach 
low-tension distributor leaving the sub-station, and in addition a graphic 
representation of the capacity and state of balance of consumers’ con- 
nections upon it. The horizontal lines which represent cables are 
divided into small squares, and in operating the system it is intended 
that when making a record of a service connection the kilowatts applied 
for shall be blacked in to scale on the correct colour or pole of the dis- 
tributor. The balancing of the load on each cable and on the whole 
sub-station can be seen at a glance without performing additions. 

A further vertical column might with advantage be added to the 
main high-tension diagram and the high- and low-tension sides of the 
sub-station cards in which particulars of the fuses or circuit-breaker 
settings could beinserted. Reference to this when recording important 
additions to the connected load would constitute an automatic reminder 


of the need to strengthen fuses or increase the setting of automatic . 


protective devices. 

7. The street cards are filed vertically in alphabetical order under the 
names of roads and streets, and bear reference numbers to the detail 
points on the Ordnance Sheets and to the cards of immediately conti- 
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guous positions ; the front of these cards (Fig. то) is printed to represent 
a portion of the footpaths and roadway with horizontal ruled spaces, 
in which are entered the street number and a letter describing every 
building or premises along the road, whether connected or not. 

The vertical columns marked “ Distributor” represent low-tension 
cables, and as consumers' connections are made the watts applied for 
are to be entered under the sign A.B. or +. —. as the case may be, 
giving in conjunction with the low-tension side of the local sub-station 
card the state of the balance on each cable and the necessary informa- 
tion for deciding the polarity of each new consumer. 

In the central squared portion circles and squares are marked in to 
indicate cables, pipes, or draw-boxes, disconnecting pillars, etc. These 
are numbered from 1 upwards as added to the card, the numbers 
referring to the back for details; lengths in yards are also marked in, 
and cross-roads and turnings indicated by name and reference number 
of the street card describing them. "The numbers of any cables which 
turn off the road in question are also shown to facilitate tracing through. 
Turning to the back of the card (Fig. 11), detailed information is found 
concerning each numbered duct, cable, or other item. 


(a) Its position and depth. 

(b) Size of pipe or box. 

(c) Size of cable, type, maker's name, date of laying, and names of 
men responsible for the work, references to tests made and 
to the terminal points which it lies between. 


If desired further information can easily be added referring to the 
particular delivery of cable out of which the length in question was 
taken, or concerning any history which the cable may have, as it not 
infrequently happens that it has been in use in other positions. 

Beyond the above-described forms and diagrams working pocket- 
books similar to those illustrated (Figs. 4 and 5) would be used for 
collecting information during the progress of the works. 

Although the system outlined herein renders it easy to trace the 
details of any cable in the draw-boxes, it may be found convenient 
actually to label the cables with the leading particulars of their origin, 
supply, and size, at the time of jointing up. Probably the best method 
of doing this is by attaching a tallv of lead on which the particulars are 
stamped. It is now possible to obtain for this work cast-lead labels, 
which are sufficiently self-attaching to the cables without soldering, 
and have letters and symbols in relief upon their surface so arranged 
that by the simple process of cutting portions away with a knife or 
chisel the label can be left with a legible indication of the characteris- 
tics of the main to which it is attached. "This device obviates the 
necessity of including special punches in the jointer's kit, and serves 
as a reminder of the various particulars which have to be indicated. 

It will be obvious that in a simplified form particulars of the above- 
described system can be well adapted to recording the details of large 
private installations as found in factories, mines, and shipyards, 


Mr. Marsh. 
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A modification of the sub-station card, showing each cable radiating 
from the works' switchboard or supply company's terminals, will enable 
the load connected to be recorded with ease, and the effect of altera- 
tions in the position and size of motors in use to be seen at a glance, 
a very useful facility in a large works where changes are often taking 
place. On the horizontal scale of kilowatts connected (Fig. 9), a limit 
may be marked as the ultimate capacity of the cable in question, when 
it will be at once apparent if there is room for further load to be 
connected. 

Although it is beyond the scope of this paper to deal with cost 
keeping in relation to mains work, it may be pointed out that the 
system of records described may be made to serve a useful purpose 
in this connection by inserting references on the cards to the original 
plans of work carried out, and from these to their costs in the books. 
Where this is regularly done it becomes easy to obtain valuable 
financial information concerning the cost of different parts of the 
network and the amount of revenue tapped by it. 

The variation in cost of similar extensions as attected by the price 
of copper in the different years when they were carried out. 

And further, on a growing network it is frequently desirable to 
know the amounts which have been spent from time to time on the 
successive alterations and increases in the capacity of the mains by 
which they have been brought to their present condition. A com- 
parison of the aggregate of such costs, with the expenditure which 
would have been incurred by providing the full capacity in the first 
instance, had such a course been possible, may easily be instructive 
and of use in the event of any question arising as to the proposed 
allocation of the expenditure on such alterations. 

In conclusion, the author wishes to express his best thanks to the 
general manager of the Sheffield Corporation Electric Supply Depart- 
ment for permission to describe and reproduce the methods and forms 
used in the Record Office of the Department, and to the draughtsmen 
and assistants for aid in preparing drawings and prints to illustrate this 


paper. 


DISCUSSION, 


Mr. E. J. MARSH: With regard to Fig. 9, where the author gives 
the capacity of the cables in kilowatts, I would like to ask whether 
he puts on the same card, ор on a card near to it, particulars of the 
maximum amperes observed on the feeder, for if the information could 
be easily got after the work has been done, and long after the generating 
station staff has disappeared, it would be a great advantage to check 
the rate of increase of current in the feeder. 

I quite agree that it is advisable to have the cables distinctly 
labelled in the draw boxes, because if the jointer is sent to make 
any repairs in a district with which he is not very familiar, he may 
easily put a saw through onc in use unless the name of the cable 
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is clearly marked, and it is therefore essential that the cables should 
be distinctly labelled. 

Mention is also made of cast lead labels, with which I am not 
familiar, which are sufficiently self-attaching to the cables without 
soldering. I should like to know whether these labels are satisfactory. 
It may happen that they may be knocked off by the workmen and 
afterwards put on to the wrong cable, which would lead to difficulty 
in the future, and it is therefore essential that they should be securely 
fastened. 

I should like to ask Mr. Beauchamp how he registers the renewal 
of a piece of faulty cable, if another card is made out or if the entry 
is included in the present card by showing what has been replaced, 
and thus allowing the engineer to know what has been actually 
renewed. 

Mr. J. Fawcett: I should like to ask Mr. Beauchamp if he could 
give us some idea of the length of his mains, as this is not mentioned 
in the paper. When in London I was connected with two systems 
of 8,000 and 12,000 k.w. respectively. In the case of (һе 12,000 
we had soo miles of mains. One used, roughly, the old system of 
street maps апа section-box sketches, and the other was laid out 
on an elaborate card system. I should say that it cost something 
like ten times the figure given in the paper, and I do not think we 
ever had anything but trouble with it. I think any system of keeping 
mains records is good enough so long as it is kept up-to-date, and 
in order to do this it is essential that the system should be as simple 
as possible. After all, the records of a mains system are required 
for working purposes. In the old days mains engineers used to sleep 
on the engine bed with a spanner in one hand, and I remember one 
station where they ran threc shifts of main superintendents so that 
a man should be there at any hour in case of breakdowns, and 
they never felt any inclination to have an elaborate system of card 
index. 

There are one or two points in the paper which seem to me rather 
curious, For instance, in Fig. 1, which represents a street-crossing 
section, I cannot find any number on the box. I do not know whether 
this is an error or whether it is intentional. These numbers ought 
to be placed everywhere so that they could be easily referred to. I 
have never found Ordnance maps very much good, as they are not 
clear enough. It is advisable to make maps of vour own and to 
a bigger scale, if required. 

I presume that Fig. 4, which shows an extension, is a plotted sheet 
out of a sketch-book, but I find no reference to any other pipes, such 
as water mains and Post Office mains. With sketches it is generally 
the contour of the street that is the trouble, and the position of all 
the other pipes is very important. 

Regarding the matter of price, which the author says is slightly 
under £200 a year for labour and slightly over £60 for the equipment, 
this, perhaps, does not seem a great deal, but if it were capitalised 
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it would appear rather a large sum, and it appears to me the figure 
given is much too high. If the network is in a fair state I should 
say that an cfficient system could be provided at about half the 
cost, although perhaps not quite so elaborate. One thing about 
this system is that it is necessary to follow it closely as it is so 
complicated. It contains everything wanted, and a great deal of 
information which perhaps may not be wanted. For instance, in 
Fig. 2 particulars of a service cable are given, which includes the 
name of the maker. This does not appear to be essential, because 
if the date of the cable is given the stores can tell whose cable 
it is; and further, one is not likely to want to know this unless the 
cable is bad, and then what is wanted can be found in a very short 
time. 

In Fig. 4 I notice that the name of the jointer who makes the 
connection is not given. I presume that this man joins up the boxes, 
but no box numbers are given. A method which was very successful 
at one time was to divide the network or networks into 4, 6, or 8 
parts. Maps were made of these sections mounted on rollers, for 
the use of the mains superintendent, and a complete set of box 
sketches. Particulars of the service and extensions were kept in 
sketch-books, and services and connections were copied on the meter 
cards, so that in the event of any one requiring information regarding 
the service it was only necessary to turn up the meter card. I admit 
that with this method two cards are required, but the original card 
is kept intact. With regard to lead labels, which the author suggests, 
I might say we scrapped a whole set of them in 1903, as they were 
not satisfactory owing to wearing quickly. We eventually had labels 
done on the automatic machine, and coloured them red, yellow, and 
blue, according to requirements. These were wired to the cables, and 
we found them fairly efficient. 

Mr. A. J. CRIDGE : It is remarkable to find how much there is going 
on in an electric supply department of which one has no knowledge. 
The completeness of the system of keeping mains records in Shefheld is 
a revclation to me, for in my work in the meter department I have not 
had occasion to come across these records. I therefore discuss the 
paper from the point of view of one who is interested in mains, 
because if there were no mains there тоша be no meters, апа I should 
not have anything to do. 

I find more to criticise in what Mr. Fawcett said than in the paper 
itself. I do not think it is true that “any system of keeping mains 
records is good enough if kept up-to-date.” A system should contain 
sufficient information to enable a new man to find his way about with a 
minimum of difficulty. I speak feelingly on this point, as I have taken 
up positions myself and found crude records, or none at all ; and itis 
a great handicap for a new man to have to gain every bit of his infor 
mation about a big system through his own eyes and fingers. 

Mr. Fawcett thought people should make their own maps. Ж. 
Beauchamp will correct me if I am wrong, but is not this what's 
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done? I gather that the Ordnance maps are for the purpose of making 
tracings, and the particulars are entered on these. He also suggested 
that a sketch of the service connections should be made on the con- 
sumer's record, which is kept in the meter department. I disagree 
entirely with this. There is work enough in the keeping of mains 
particulars for a separate department, and if it were not so there would 
be no gain in cheapness, at any rate in the case of a large undertaking. 
All such sketches would be incomplete, and it is necessary that they 
should only be used in connection with a large map to join them up 
with one another, so that it can be seen how all the separate items 
depend on one another. I have always been used to the system in 
which the departments were separate, and probably that is why I 
regard it as the best. Т 

Mr. Fawcett: The sketches on the meter cards do away with the 
service cards in the book. Mr. Cridge seemed to think they were an 
alternative to the card sketch which Mr. Beauchamp showed. 

Mr. W. N. Y. KiNG: I am quite in accord with the author's 
opening remarks when he says that cases are not wanting where the 
importance of a proper system of record-keeping is underrated, and 
that, by having a proper set of records, the work can be done more 
cheaply and the emergencies dealt with more quickly. With such 
a complete arrangement, as has been described, the records must be 
kept up-to-date, and as each extension is made it must be entered up 
all through the records. With regard to tramway systems, where 
the feeders are much simpler, a map in the generating station is very 
useful, as it saves a great deal of time in dealing with interruptions to 
the supply. In the event of a fault, or a telephone wire down, causing 
the breaker to come out, the central station can be rung up on the 
private telephone, and then one knows how much of the system is 
affected by reference to the map, and instructions can be given as to 
the locating of the fault. 

I do not think the card system is really necessary, as quite sufficient 
check can be kept by having a good system of books containing an 
account of the mains. | 

Mr. Н. DickKINSON : The author has selected a very useful subject 
for his paper, and I think that if it had been available before, mains 
records kept by many lighting stations would be better than they are 
to-day. The author has not, in my opinion, drawn quite sufficient 
distinction between the different systems of laying mains. In Leeds 
they are laid on the solid system, and I think the system of the records 
adopted in Leeds suits the purpose very well indeed. With the mains 
laid on the solid system it is necessary to know exactly where the 
mains cross, and this, I think, can be most readily achieved by making 
a plan showing all the details. I take it that, in the author's case, the 
mains are mostly laid in conduits which do not cross one another. 
We have adopted a combination system of Ordnance maps, with 
sketches taken from the maps to an enlarged scale, and also use the 
card system, The card system has been in operation for a number of 
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years, but the system of taking the sketches from the Ordnance maps 
has been in operation since the station was opened in 1903, and we 
have found the system very satisfactory indeed. We have one general 
outline plan of the whole system, showing every street where cabies 
are laid to a scale of 1 to 500. For detail reference work the streets 
are cut up into sections, and a copy is taken of each section and 
enlarged to twice the size, upon which every cable is drawn in diffe- 
rent colours to represent the different types of cable. All joints, 
joint boxes, connections, etc., are shown on these enlarged plans, with 
the depth and location of the cable relatively to the curb or house-tront, 
as the case may be. Each cable 15 numbered, which number carries 
throughout the different maps, wherever its particular main happens 
to be. 

Some of the speakers say that if a fault occurs, the first thing to do 
is to get a pick and shovel and seek for the cables. The first thing we 
do when a fault occurs is to go to our mains records to find out exactly 
where the cable is. In cases where there should happen to be a 
difficulty in getting all the cables on to the plan, it is quite easy to 
enlarge the plan more than double the size, but we have not found this 
necessary so far. Photographs are taken, when laying mains, of апу- 
thing extraordinary, and such photographs are filed and are found to 
be very useful for reference in the future. In our mains records we 
show, as far as possible, when opening the ground, what pipes, gas, 
water, or otherwise are come across, and a lot of valuable information 
is gathered in this way which is of great use when opening again in the 
future. Personally, I think the author’s system is rather elaborate. I 
prefer to have a lot of the information he puts on a card in a book, 
which I think is casier to use. 

Our plans are made with the pantograph, on single sheets of good 
white paper, and placed in special covers which enable the sheets to 
be removed, should it be necessary at any time, so that a sheet can be 
easily replaced by а new опе. We also keep a tracing of these original 
sheets in the works, so that in case of fire it is unlikely that both copies 
would be destroyed. The card system we have in connection with the 
mains records gives the name of the consumer, the name of the street 
in which the consumer is located, and also the sub-station from which 
he is served. From these references we can turn up immediately the 
plan records and get full particulars requisite. 

Мг. W. Е. MvLaN : On the question of plans and records as applied 
to the subject under discussion, [ am not in a position to say anything, 
but on the general proposition of keeping records I have had some 
experience. І am rather inclined to agree with Mr. Dickinson, and to 
suggest that the elaboration in Mr. Beauchamp's system is largely due 
to the fact that he is dealing with written records instead of sketches. 
We all know that it 1s possible to describe in a comparatively simple 
sketch what would probably require a couple of pages of written 
characters, and I think for that reason Mr. Dickinson suggests that 
maps, photographs, and other sketches are more preferable for keeping 
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records to such a system as described Бу the author. Itis quite possible Мг. Mylan. 
to elaborate a system to an unlimited extent, and the question arises, 

How far should there be included in the records details which are 
unnecessary, and which subsequently prove to be more or less useless, 

and only tend to introduce the possibility of mistakes due to the personal 

element which cannot be left out? The two important features іп the 

keeping of records are : first, to have some one fully competent who 
understands the system ; and secondly, the keeping of the particulars 
absolutely up-to-date. That is true irrespective of the system in use. 

Mr. М.Е. NEWTON : I have not had much experience on lighting Mr. Newton. 
mains, but the keeping of records is an important factor on our system. 
The records are not entered on cards but in books divided into sections, 
and at any moment it is possible to obtain detailed information respect- 
ing the cables ; an entry is made of the jointer who made the joint, the 
length of the cable installed, and the date it was tested. It is absolutely 
necessary that all cables should be labelled as in the case of a great 
number of cables in one pit, as on our system it is rather a difficult 
matter to pick out the one required unless some such system is adopted. 

Mr. J. W. BEAUCHAMP (in reply): Mr. Marsh remarks that the load Mr. —— 
factor was not shown on the diagram Fig. 9. This detail, however, УЧЕ 
could easily be inserted, the system being quite clastic in that respect. 
The form shows the kilowatts connected, and сап have various columns 
in which to insert maximum readings and other useful information. 
The self-attached labels referred to are of heavy cast lead, and fastened 
to the cable somewhat similarly to a wrist strap. They are not easily 
detached, and the raised letters upon them, whilst sufficiently massive 
to withstand rough handling, can quickly be removed with a knife or 
chisel. I am not aware, however, that the arrangement has been much 
in use. In event of damage to the cable, notes are made on the card 
of the repairs carried out, or if they are extensive a new card would be 
written up, as it is one of the points of the system that the map and 
cards always show particulars of the mains as they stand at any time, 
with sufficient reference to enable the manner in which their condition 
has been reached to be traced from plans or old cards. The position 
of gas, water, or other pipes is now shown, the system dealing only 
with the plant belonging to the supply department, and giving its exact 
position. Regarding cost of maintenance, the figure mentioned included 
an estimated proportion of the mains superintendent's time for super- 
vising the work of the draughtsmen. 

Referring to the remarks of those who appeared to consider the 
methods described unduly elaborate, I would say that, in the second 
part of the paper, some of the details shown are of a tentative character 
to give a great deal of information that is useful to the mains depart- 
ment, and can further be made to give much information concerning 
the area and its possibilities, which will be helpful in directing the 
efforts of the canvassers, advertising departinent, etc. 

I agree with the speakers who have pointed out the difficulty in 
keeping a system of this kind up-to-date and in healthy working order, 
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and believe that this difficulty will tend to disappear the more the 
system is used for providing information to different persons and for 
different purposes. 

I was interested to hear of Mr. Fawcett's use of the labelling 
machine, as one has been employed in this department for some time, 
chiefly for labelling switchgear in sub-stations and similar work. I 
think these productions rather too delicate for use in draw boxes. 

In reply to Mr. Cridge, I would say that the tracings are only made 
for the benefit of the Post Office and road authorities when asking 
their permission to do certain works. 

Replying to Mr. King, the work of posting up particulars is carried 
out continuously, so that details obtained on the job to-day would be 
entered on the cards and plans to-morrow. I have no doubt that the 
map system, more or less elaborated, is particularly suitable for tram- 
way work, as the speaker pointed out, but suggest that the generating 
station diagram described in the paper might also prove useful to those 
in charge of the station, giving as it does lengths, details, origin, and 
terminals of every feeder. ` 

I was much interested to hear the extent to which Mr. Dickinson 
has used the camera in making his mains records. Such good photo- 
graphs as he has been able to obtain, when properly dated and indexed, 
would prove most valuable. Referring to another point raised by Mr. 
Dickinson, I would suggest that on all mains records forms it would be 
better to place some definition of each building or premises, as its 
street number or descriptive title, in preference to the consumer's 
name, as that is liable to be changed from time to time. With reference 
to the speaker's remarks on the subject of gas or water pipes, and the 
manner in which he has been able to discover their position to the 
occasional benefit of the department to whom they belong, this is most 
interesting, and suggests that in the future it may be found possible 
and convenient to have a central department in a large city, possibly 
under the surveyor, the duty of which would be to preserve master 
plans of all hidden work in the city—the pipes, ducts, and wires of 
every enterprise which has properties below the ground. 

To Mr. Mylan's criticism with regard to getting the system carricd 
out with exactitude, I would say that this must apply to any device 
which endeavours to make automatic the performance of certain 
duties ; but, whilst I agree with him that maps and sketches are more 
easily interpreted than written records, I feel that where the work is to 
be done by a number of different persons, not always fully acquainted 
with the technicalities of the work which they are recording, the printed 
card or form is an advantage in that it constitutes a continual reminder 
of the various items of information which must be filled in, whereas 
a sketch made out of doors under possibly uncomfortable conditions 
is apt to be left more or less incomplete. 
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I have chosen this subject as an important one to be discussed by 
station engineers, theoretical men, and manufacturers. The station 
engineer can tell us of the effect of a low power factor on his system ; 
the theoretical man can tell us what might be done to improve it; and 
the manufacturer can tell us how far theoretical expedients can be 
put into commercial practice. If we approach the subject from all 
sides in this way, we may be able to find some method of improving 
matters. | 

This paper is intended to open the discussion by a short statement 
of the facts as we now know them, and it also contains some sugges- 
tions for improving the power factor of induction motors. 

Whenever an alternating current is employed in the transmission 
or distribution of power, there is the possibility of a difference in phase 
between this current and the voltage driving it. In a large number of 
our alternating-current distribution systems, the current lags so far 
behind the voltage that the power factor at light loads is as low as о?, 
and in the same cases, even at heavy loads, it is no higher than o'8. 
This low power factor is troublesome for several reasons. In the first 
place, it limits the output of the generators by demagnetising the field 
magnets and causing heating of the windings. Many generators, 
particularly turbo-generators, have their output limited by the capacity 
of their field magnets. If we regard the capacity of the field magnet 
only, we will find that its output at unity power factor is four times as 
great as at о"8 power-factor lagging. Often the great overload capacity 
of the steam turbine and armature cannot be utilised, because the 
lagging current begins to wipe out the field at heavy loads, and it is 
necessary to start up additional plant. 

The losses in the mains are also increased bv a low power factor. 
This is an important consideration when the mains are already worked 
to their utmost capacity and it is desired to connect more consumers. 

The inductive drop in mains is also increased when the current 
lags. A line wire having only 4 per cent. reactive drop at unity power 
factor will have 18 per cent. drop at o'8 power factor. 

All classes of alternating-current machinery—whether motors, 
generators, transformers, or magnets—contain magnetic circuits neces- 
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sary for their operation. Whenever this magnetic circuit is magnetised 
by an alternating current drawn from the system, that current lags 90 
behind the voltage driving it. 

If we look at the cause of the lagging current in the following way, 
we can get not only a simple measure of the wattless component of the 
power in any system, but also some suggestion of the right method 
of climinating it. The energy stored in any magnetic field consists of 
two factors :— 


I. The total flux. 
2. The magneto-motive force driving that flux. 


Now the total flux, when generated at a certain frequency, produces 
a certain back E.M.F. in each turn encircling it, and the magneto-motive 
force requires for its generation a certain number of ampere-turns. 
Thus, from the two factors—flux and magneto-motive force—we arrive 
at certain factors necessary for the production of the alternating- 
magnetic field at any given frequency. "These factors are— 


I. E.M.F. per turn. 
2. Number of turns. 
3. Amperes per turn. 


Grouping 1 and 2 together, we arrive again at two factors,—volts 
multiplied by amperes, which represent the wattless component 
of the power required to generate all the alternating-current fields in 
the distribution system. 

The higher the frequency of the supply, the greater the wattless 
component of the power required to produce the alternating field. If 
the field can be produced by a rotating magnet, excited by continuous 
current, the frequency of the current being zero, no wattless com. 
ponent is necessary. Indeed, by supplying more continuous-current 
turns than are necessary to produce any particular magnetic field, it is 
possible to create in the system a leading current, which will com- 
pensate for a lagying current in another part of the system. The field 
current in the magnet of an alternator may be said to have two 
functions :— 


I. To produce the magnetic field which generates the E.M.F. in 
the generator itself. 

2. To supply an additional magneto-motive force, which, by 
means of a wattless current, is communicated to all the 
machines on the system which have not got continuous- 
current excitation themselves. 


If we are to reduce the wattless current, we must either use 
machinery requiring weak magnetic fields, ог we must provide inde- 
pendent means of magnetising the fields. A modern transformer does 
not take a large wattless component in proportion to its output, because 
though the total flux generated may be great, the magneto-motive 
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force required to produce that flux is very small. An induction motor, 
however, having necessarily an air-gap and coils with considerable 
magnetic leakage, has in it a magnetic field which requires a wattless 
component of 25 to 30 per cent. of the kilovolt-ampere rating of the 
motor. For this reason, the induction motor is the main cause of low 
power factors on our alternating-current systems. The only other 
offender of importance is the alternating-current arc lamp, which 
produces a lagging current for a different reason. 

Methods Employed for Improving Power Factor.—The methods 
which have been suggested for improving the power factor are the 
following :— 


(а) The use of synchronous motors and rotary converters. 

(5) The use of capacity. 

(c) The improvement of the induction motor, or other machine, 
which at present produces the low power factor. 


(a) Synchronous motors have frequently been employed to provide 
a leading current to compensate for the lagging current taken by other 
apparatus, Wherever the synchronous motor can have its power 
utilised, as in the case of a motor-generator, or the case of a big motor 
on continuous load, this plan is a good one, because the cost of giving 
to the synchronous motor additional capacity to enable it to yield a 
leading current is not very great. A synchronous motor of 1,000 H.P. 
designed to yield a leading wattless component of 60 per cent. of its 
kilovolt-ampere rating would only cost about ro per cent. more than a 
1,000- H.P. synchronous motor, designed to run at unity power factor, 
with the same temperature rise. Where, however, there is no use 
for the driving power, the synchronous motor must be regarded as a 
rather extravagant method for compensating for a lagging current. 

In calculating the output required to produce any degree of 
compensation in a system, it is interesting to note that it requires 
much less wattless kilovolt-amperes to improve a power factor from о:8 
to о than to improve it from o'9 to unity. If the power factor of a 
system is cos 9, the wattless component is sin ф ; thus the wattless com- 
ponent on a power factor o'8 is 0°6, and the wattless component оп а 
оо power factor is 044, the difference being only o'16, It therefore 
takes nearly four times as great a wattless component to change the 
power factor from o'8 to unity as it takes to change it from o'8 to o'g. 

The rotary converter is now largely used for compensating for 
lagging currents. It has a great advantage over the synchronous 
motor-generator set in its high efficiency and greater synchronising 
power on heavy overloads. Not only can the magnetic field of the 
rotary itself and its transformer be easily created by continuous-current 
excitation, but a comparatively small increase in copper weight enables 
the rotary to supply a leading wattless component equal to 50 per cent. 
of its kilovolt-ampere rating. 

In traction systems employing rotary converters, the power factor 
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can be easily maintained at unity, or even made leading, and this 
enables cheaper turbo-generators to be employed than would be 
possible with ordinary induction motor converting machinery. In one 
case which has come under the author's notice, turbo-generators were 
capable of being rated 50 per cent. higher than their normal rating 
owing to the fact that they were emploved to feed mainly rotary 
converters. 

(b) The Use of Capacity.—High-voltage condensers have not come 
into general use for improving power factor owing to their large cost. 
The result of a long course of experiments on high-voltage condensers 
madc by the Westinghouse Company of America, was to show that 
while oil-cooled condensers for 40,000 to 60,000 volts could be made on 
a practical scale in special cases where required, there was no chance 


Fic. 1.—Leblanc’s Exciters for 2-phase Rotor (1895). 


of competing with synchronous machinery either in cost or reliability. 
One of the great difficulties in the construction of condensers is the 
carrying away of the heat produced in the dielectric. There are 
some excellent condensers on the market by various makers in which 
good provision has been made for getting rid of the heat produced in 
the dielectric. These are of service where small leading currents are 
required for any purpose. 

(с) The Improvement of the Induction Motoi.—As stated above, the 
reason that the induction motor calls for so large a wattless current is 
that its magnetising current is supplied at a high frequency. Where, 
however, the magnetising current is supplied in the rotor at the low 
frequency of the rotor circuit, the wattless energy required is reduced 
to 2 or 3 per cent. of that required at the frequency of supply. Іп 1895 


li 
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M. Leblanc proposed to supply the magnetising current to the rotors 
of induction motors and generators by means of special exciters, 
which consisted of commutating alternating-current generators whose 
magnets were excited by the rotor currents.* 

The method can be most easily followed when applied to a rotor 
wound for two phases. In Fig. 1 W, and W, represent the windings 
in two phases of the rotor. E, and E, are the armatures of the two 
exciters. These exciters would be made like single-phase series motors, 
provided with compensating windings. The current from the phase 
Wa passes from the collector ring through the compensating winding 
C, through the armature E, and then through the field Е, of the exciter 
in phase В, and thence to the star-point О. The current from phase 
W, passes through the compensating winding C, through the armature 
E, and then through the field F, of the exciter in phase A and to the 
star-point. The induction motor can be started up by means of the 
resistances В, R,, the exciters being short-circuited. When the motor 


Wa 


о Ws 


Fic. 2.—Diagrain of Electromotive Forces in Circuits of Fig. 1. 


is running, the armature E, has generated in it an E.M.F. which is in 
phase with the current in phase B, and if the polarity of the poles is 
properly arranged, this E.M.F. will be leading 90° on the current in 
phase A. Similarly the armature E, can be made to supply an E.M.F. 
whose phase would lead by go’ on the current in phase B. This has 
the effect of making the currents in the rotor take up a phase in 
advance of the E.M.F. produced in the rotor ; so that not only can the 
magnetic ficld of thc induction motor be created by the rotor currents, 
but the current in the stator can be made to lead on the E.M.F. of 
the supply. The graphic diagram, Fig. 2, shows the phase relations 
between the various currents and the E.M.F.'s. OW, represents 
the E.M.F. generated in the rotor circuit by the slip. Wa D, repre- 
sents the E.M.F. generated in the armature of the exciter. D, C, 
represents the reactive drop in various parts of the circuit, and 
C, O represents the dropin the resistance of phase A of the rotor wind- 
ing. Тһе current in phase A has, of course, the phase position OC, ; 


* patent specification, No. 15470 of 1895. 
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thus itis leading onthe E.M.F. О W,, the clock diagram being supposed 
to be rotating in the direction indicated by the arrow. It will be seen 
that the line W, D, is parallel to the line O C, because the current in 
phase OC, excites the armature in phase A. Similarly the E.M.F. 
W,D, is parallel to the line OC,. By increasing the speed of the 
exciters, the E.M.F. at right angles to the current can be increased, 
and the lead of the rotor current increased more and more. It will be 
seen, however, that with the connections made as shown in Fig. І, 
the more the rotor current leads the more acute becomes the angle 
DWO; ic, the E.M.F. generated in the exciter comes to have а 


FiG. 3.—Exciters in Circuit with 3-phase Rotor—Phase A'excited from 
Phase C and Phase B reversed. 


greater component opposing the E.M.F. generated in the rotor circuit, 
and this has the effect of increasing the slip of the motor. 

If Leblanc's exciters, as described by him in 1895, be applied to а 
3-phase rotor, three exciters would be necessary, and these might be 
connected in circuit in any of the ways illustrated in Figs. 3, 4, and 5. 
In fact, it would be possible to excite each exciter by currents from 
all three phases in a great number of combinations. The main point 
in view would always be to generate in each circuit an E.M.F. which 
has a large component at right angles to the E.M.F. generated by the 
rotor slip. In Figs. 3, 4, and 5 the phases are supposed to follow 
in the order A, B, C. 

The following tests were made by the British Westinghous 
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Fic. 4.—Exciters in Circuit with 3-phase Rotor—Phase A excited from 
Phase C, Slip increased. 


60000000000 


FIG. 5.—Exciters in Circuit with 3-phase Rotor— Phase А excited from 
Phase B reversed, Slip decreased. 
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Company to see how far Leblanc’s method could be carried out 
commercially. А 170-H.P. 25-cycle induction motor, whose rotor 
Was wound in 3 phases, generating 600 volts when locked, was belted 
to a direct-current generator as a convenient means of loading. The 
brushes on the rotor collector rings were connected in series with the 
armatures of ordinary direct-current series crane motors driven as 
series generators. The field coils of the motors were put in parallel 
for the purpose of reducing the impedance, and were connected in 
circuit in successive experiments as shown in Figs. 3, 4, and 5. When 
the motor was running the frequency was too small to cause any 
trouble with the commutation. In fact, the motors behaved almost 
as well as if they had been operating on direct current. 
The following are some of the results obtained :— 


{ 
Aniperes рег Phase. | 
| 


on full load г08 cycles 
( per second. | 


Volts оп m СТЕ ME „Ал Power 
, Motor. Rilowatts. Factor. Remarks. 
| А | В. С | 
ee ey ee пы чу башны | 
| ! | ds 
| 2130 120 106 yo -60-159 | 025 lag оа Rotor short-cir 
| 4 - 
| 2120 | 146 | 123 126 30 + 225 | 06 lag ce d Rotor short 
| | Small load. Exciter in сіг- 
seb M NN аш n c 
| 2,120 | 85 84 72 | 150+ 75 ' o74lead , m va х<Иег run- 
| 2,070 | 350 | 336 330 | 60°5 + 480 | 098 lead B 1 us d Excier run- 
. , қ . (Full load. 120 kw. on | 
M | as 40% Aue төө oy lag | | generator, Exciter out. 
| | | ( Full load. 118 kw. on 
; пег: . Exciterin. Su 
| 2,070 | 435 41-6 41-5 72`0 + 600 Unity. і generator. Exciterin. Sup 


The power-factor readings were taken on a power-factor meter. 
They do not quite check with the indications of the wattmeter. The 
load was unsteady and unbalanced, and the wattmeter was rcading 
too low. 

With the connections as shown in Fig. 3, and with the motor on 
full load, go per cent. power factor, it was found that as the exciters 
gradually increased іп speed the power factor became nearer to unity, 
and by increasing the speed still further the power factor could be 
made slightly leading. With the speed of the exciter kept constant 
at such a value as to give unity power factor on quarter load it was 
found that very little change occurred in the power factor up to half 
load. Asthe load was further increased the power factor first became 
slightly leading and then fell back to unity, and at full load it was 0°95 
lagging. A slight increase in the speed of the exciter brought the 
power factor to unity at full load, and gave a leading power factor on 
lighter loads. 

In order to check theory with practice, and to ascertain the required 
kilovolt-ampere rating of exciters to be employed in practical work 


— 
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readings were taken with the motor running at full load, unily power 
factor of the voltages between various points of the exciter circuits. The 
result is given in the clock diagram Fig. 6, which is drawn to the scale 
shown on the Fig. The line ОЕ, represents the 142 volts generated 
by a slip of 4 per cent. in the rotor winding. E,C, represents the 
15 volts generated in the exciter armature, C, P, the drop in the arma- 
ture and brushes, Р, Ra the drop in the field windings, and OR, the 
14 volts drop in phase A of the winding. 

It was found that the results obtained tallied well with what might 
be expected from theoretical considerations. 


Ба 


Scale of Volts 
012545097890 
[—— —— DD QD ED а-а.) 


Fic. 6.—Diagram of Voltages in Circuits in Fig. 3. 
The motor and exciters were then connected up according to 


Fig. 4, and the following readings were taken :— 


| Amperes per Phase. 
Power 


Molom "ON Е — =- 2---  Kilowatts. ES Remarks. | 
B. C 
| x Е А 
р : Баш "uite (Full load. Exciter (5) in. 
| 2,020 434 414 4S 65 + 66 Unity. + Slip = 145 cycles. 


ш -------------- ——— — ee ee „ш ——— = —- —— —— = 


The slip of the motor with this method of connection was con- 
siderably increased. This is because the E.M.F. of the exciter has 
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always a considerable component opposing the E.M.F. generated by 
the rotor slip. 


The results obtained with the connections as in Fig. 5 were as 
follows :— 


—— 


| 


| 
Volts on | | ЖҰ | 
| Motor. | | | | Kilowatts. ее Remarks. | 


| } 
Amperes рег Phase. | | 
Power | 


----- — — - —— -— - ——— 


Fullload.  Exciter (c) in. : 


| 2,030 | 425 415 475 ! 700-645 Unity | Slip = 0°73 cycles. 


| 2,250 | 485 479 470 | 102+ 36 oS2lead | Full load. Exciter (с). | 
| | | 


In this case, as may be expected, the slip was reduced, and it was 
quite easy to obtain a power factor on the leading side of o'8 at full 


Fic. 7.—Leblanc’s 2-phase Exciter. 


load. It was not found possible, however, to reduce the slip to less 
than 2 per cent., with the resistances of cables and exciters in circuit. 
The reason for this is that as the speed of the exciter is increased, the 
currents іп the rotor lead more and more, until the E. M.F. added by the 
exciter, instead of having a component acting with the rotor E.M.F., 
comes to have a component against the rotor E.M.F. It would, how- 
ever, be possible to still further reduce the slip by connecting the 
armature of phase A in series with the coils of phase A, and also with 
the coils of phase B reversed. By properly proportioning the windings, 
it would be theoretically possible to decrease the slip gradually, until 
the exciters became excited with a continuous current. The motor 
would then be also excited with a continuous current, and would run 
as a synchronous motor. It would still have the properties of an 
induction motor in this respect—that if at any time it were thrown out 
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of step, it could still run yielding full-load torque, and would gradually 
increase its speed until it again ran in synchronism. 

The main objection to this method, as described in Leblanc’s early 
patent, is that it requires two or three exciters, and as the currents to 
be dealt with would in general be large, the cost of these exciters 
becomes excessive. Leblanc has described an exciter which embodies - 
in one machine all phases, and is of a very simple nature. This is 
illustrated in Figs. 7 and 8. 

The armature is made like an ordinary drum-wound continuous- 
current armature, which, in Fig. 7, is supposed to have two poles. 
It is surrounded by a simple ring of laminations, having inwardly 
projecting poles, as illustrated in Fig. 7, but without any field 
windings. Тһе notches in the field are to aid commutation. If 
such an armature be provided with four brushes, placed at 9o? to 
one another on the commutator, and connected to the four slip rings of 


Fic. 8.—Leblanc's 3-phase Exciter. 


a 2-phase rotor of an induction motor, and run at a speed which is high 
as compared with the frequency in the rotor circuits, it will have the 
effect of producing leading currents in the rotor. The beauty of this 
exciter is that the armature currents themselves excite the field, and 
produce a flux in the armature which is in such a phase as to generate 
an E.M.F. in each circuit, exactly at right angles to the current carried 
by that circuit. For at the instant when the maximum current is going 
into the armature by brush A, and out at brush A, the armature will be 
magnetised with one pole at the top and another pole at the bottom, as 
shown in Fig. 7, so that no E.M.F. is generated in phase A, but a 
maximum E.M.F. is generated in phase B. Thus we see that the 
E.M.F. in any phase is always at right angles to the current in that 
phase. The question whether the E.M.F. leads or lags behind the 
current depends only on the direction of rotation. Such an exciter 
can be built for three phases as illustrated in Fig. 8, and would be 
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much cheaper to build than the three exciters illustrated in Fig. 3. Ву 
proper design, and by using carbon brushes, the commutation could be 
made sufficiently good ; but in view of the fact that the rotors of induc- 
tion motors of large power usually carry very heavy currents, the 
commutator of such an exciter, say for a 1,000- H.P. motor, would be of 
considerable dimensions, and it is probable for this reason that they 
have not come into use. 

Before proceeding to describe a different form of exciter for induc- 
tion motors, let us consider the method put forward by Heyland in 
I9OI.* 

Heyland's motor is illustrated diagrammatically in Fig. 9. His 
plan is to lead currents into the rotor by means of brushes fed from 
the external circuit, the position of the brushes being such as to make 
the current which is fed in magnetise the rotor. It is clear that if 
brushes are placed upon the end ring of a squirrel-cage rotor, and 
currents of the frequency л, of the supply are fed by means of brushes 


. Fic. 9.—Heyland's Method of Exciting the Rotor. 


into the end ring, which is rotating with a frequency n,, the currents 
in that ring will have a frequency n, — n,—i.c., they will have the same 
frequency as the slip. If now the ring is of such a resistance that a 
large proportion of the current passes through the rotor bars on its 
way from one brush to another, it is clear that this current can bc 
made to magnetisc the rotor if the brushes are rocked into a suitable 
position. In actual practice it would not be advisable to deal with 
such a large current as ordinarily flows in the end rings of a squirrel- 
cage rotor, so that though the theory is very beautiful in its simplicity, 
if we are to get down to currents of small enough value to be dealt 
with by brushes of reasonable capacity, it is necessary to employ a 
wound rotor and take tappings from this rotor to a suitable commu- 
tator. Heyland has developed this motor with great ingenuity, and 
has minimised the sparking on such a commutator by means of resist- 
ances connected between the commutator bars. Such motors have 
been built in fairly large sizes, and behave as might be expected of them 


* Heyland's patent specifications 13738 and 25221 of 1901. 
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from the theory. The main objection to them from the manufac- 
turers’ point of view is that the cost of the induction motor is consider- 
ably increased, and he can no longer point out to the purchaser that 
great advantage of the induction motor—viz., the absence of a com- 
mutator. 

It would seem that if any headway is to be made in supplying the 
magnetising current to induction motors through the rotor circuits, it 
must be done without adding greatly to the cost of the motor, and the 
extra appliances must be of a very simple nature, and require little 
attention. 

The author believes that it is possible to devise a new type of 
machine to act as an exciter in the manner proposed by M. Leblanc, 
which can be made for a small cost as compared with the induction 
motor, and would be of practical service in cases where it is important 
to improve the power factor. 

Such a machine might be called a “phase advancer.” Тһе 
important features to aim at in its design are— 


1. The commutator and brush gear must not be excessively large. 

2. The commutation should be induced rather than be dependent 
on the resistance of the brushes. 

3. It should be possible to control the phase of the E.M.F.'s 
generated by it, and to decrease the slip of the motor rather 
than increase the slip. 

4. The “ phase advancer " should be an independent unit, so that 
in case of its failure the motor could be run as an ordinary 
induction motor. 


Fig. 10 gives the diagrammatic representation of a “ phase 
advancer" which has been designed with these features in view. 
When wound for three phases the field magnet has three poles (larger 
machines may have any multiple of three). Тһе armature core 
resembles an ordinary direct-current armature core, and the coils are 
like the coils of an ordinary railway motor, except that they have in 
the case illustrated in Fig. 10 a span of 120° instead of 90°. One end 
of each coil, which we will call the inner end, is connected to a star- 
point. Each outer end is connected to one bar of the commutator. 
'The armature in this way resembles in principle Elihu Thomson's arc- 
light generator, except that in this case there are a greater number of 
coils. On the commutator are three brushes which bear upon the 
segments connected to coils which are for the time being passing 
under a pole. Each pole is provided with a compensating winding 
placed in slots in the pole-face, the winding being arranged so that the 
ampere-wires per inch along the pole-face are equal, or slightly grcater, 
than the ampere-wires per inch of periphery of the armature. If we 
follow one of the armature circuits, commencing from the star-point 
along coil 1, 2, it will pass under the pole pC, then under pole f B, and 
it will make as many turns in front of the poles pC and fB as аге 
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necessary to generate the required voltage. It then passes to brush 6A 
and on to the series exciting coil on pole f A, then it passes to the 
compensating windings marked А in the slots in poles p C and f B, and 
from these to phase A of the rotor of the induction motor. The cur- 
rents in the other phases pass through similar circuits, and it will be 
seen that the E. M.F. generated in any phase is due to a field which is 
produced by the current in the other two phases, the principle being 
the same as that illustrated in Fig. 3. 


A В 


„ШШ 
GENE 


Fic. 10.—The Author's Exciter or * Phase Advancer." 


The difficulty ordinarily with a number of armature circuits in 
parallel would be that the current would not divide equally between 
all the circuits, but would tend to be greater in those coils under the 
trailing pole-tip on account of the greater flux density there produced 
by the armature reaction. The effect of a compensating winding, 
distributed as shown in Fig. 10, is to equalise the current in all the 
wires passing under one pole. For if the current in any one coil—say 
1, 2—15 less than the average of all the coils under the pole, the com- 
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pensating winding in the middle slot strengthens the field in which 
coil 3, 4 is moving, and strengthens the current in this coil which in 
the next instant takes up the position occupied by coil 1, 2. 

It would, in fact, be possible, by making any particular distribution 
of current in the compensating winding, to produce a somewhat similar 
distribution of current in the armature beneath the pole, and this gives 
great facility in arranging the commutating properties of the machine. 
For instance, the leading pole-tip can be slightly strengthened so as to 
make an incoming coil quickly take up its load. The commutation is 
induced іп the following way : The brushes are rocked forward until 
the E.M.F. generated in the coil about to leave the brush is just so 
much less than the E.M.F. in the coils under the pole that the currents 
sink to zero before the commutator segment leaves the brush. As the 
machine is series wound, the field is approximately proportional to the 
current for the time being, so that theoretically good commutating 
conditions prevail at all loads. In actual practice, the parts of the 
brush under the pole can be made of a compressed metal and carbon, | 
which gives a low drop of voltage between brush and commutator, 
while the part of the brush on which sparking might occur, owing to 
small errors in the adjustment of the commutation, can be made of 
carbon. With high conductivity, brushes of great breadth and good 
theoretical commutating conditions, it is possible to employ a commu- 
tator of very much smaller dimensions than would be possible if the 
commutation were forced by means of narrower brushes of high 
resistance. It will be scen that there is no attempt made to prevent 
eddy currents in the brushes due to the alternating flux in the pole. 
The slowly alternating flux produces a slight eddy, but as the capacity 
of the brushes is great they carry the current without trouble. 

Fig. 10 only shows one series coil on each pole. It is, of course, 
possible to put additional series coils of any number of desired turns 
connected to any of the phases, so that the E.M.F. generated in 
an armature circuit can be made of any desired phase. | 

Ву the use of an exciter in the rotor circuit it will be possible to 
greatly increase the output of a motor frame. Even without changing 
the construct of the stator its output will be increased in so far as it is 
operated at unity power factor instead of at a lower power factor. The 
magnetising current being transferred to the rotor, that element will be 
worked harder. Rotors as usually made can stand Io or 20 per cent. 
more current without exceeding the temperature guarantees. In any 
case a slight addition to the copper of the rotor would enable them to 
carry the requisite leading current. 

But a much greater gain in output can be secured by decpening the 
slots of both stator and rotor and putting in bigger conductors, At 
present the depth of the slots is limited because it 1s so desirable to 
keep down the leakage flux and the length of saturated teeth. But 
when the exciting current is supplied to the rotor these considerations 
are not nearly so important. "The slots in the stator and rotor can then 
be deepened until the leakage flux begins to excessively saturate the 
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rotor iron. ‘The limitation of an induction motor frame will then be 
by considerations similar to those which now obtain with synchronous 
motors. Тһе pull-out torque of an induction motor will be very much 
increased by the use of a phase advancer, because not only can the 
working flux be kept up to its full value, but it is kept more nearly in 
phase with the stator currents. 

There is yet another use for an exciter in circuit with the rotor of 
an induction motor. We have seen that if the electromotive force of 
the exciter has a considerable component opposed to the electromotive 
force gencrated in the rotor winding the slip is increased. The exciter 
therefore can be utilised to change the speed of an induction motor. 
The exciter, when its electromotive force is opposed to the rotor electro- 
motive force, runs as a motor and is capable of putting back into the 
system the power represented by the slip of the induction motor, which 
would otherwise be wasted in a resistance. Suppose, for instance, that 

it is required to change the speed of an induction motor 10 per cent. 
` An exciter like that shown in Fig. то, but having additional exciting 
coils, presently to be described, is belted to the induction motor in 
question and its terminals connected to the slip rings of the motor. 
The pole opposite brush 6A will be provided with a series coil fed 
from the brush 5A, and similarly all the poles will be provided with 
coils whose polarity is such that an electromotive force is generated 
in each branch of the circuit in a direction opposed to the electro- 
motive force generated in the rotor winding. These coils will be 
provided with diverters to allow of proper adjustment. If all the 
current is diverted from these coils the phase advancer operates 
without increasing the slip. Then as more and more current is passed 
through the coils the slip is gradually increased. Meanwhile the 
phase advancer develops more and more torque as a motor. The 
amount of slip which can be produced in this way simply depends on 
the output of the phase advancer and its ability to commutate the 
currents through it as their frequensy increases. It is possible to 
drive the phase advancer either by an induction motor or by a direct. 
current motor, and when acting as a slip augmentor it would drive 
either of these as generators. Such a combination would be useful 
where an induction motor is required to drive a flywheel set; the 
control of the slip augmentor might be made automatic so as to keep 
the torque of the induction motor approximately constant notwith- 
standing the change in the speed of the flywheel. The phase advancer 
would at the same time keep the power factor at unity. 

This * phase advancer" can be used not only for improving the 
power factor of induction motors, making them run on unity power 
factor, or, if required, on a leading power factor, but it may also be 
employed for exciting the rotor of an induction generator. As is well 
known, an ordinary induction generator, with short-circuited rotor, 
though capable of yielding power when supplied with a magnetising 
current from an alternating-current system, is not capable of relieving 
any synchronous generators in parallel with it of the wattless com- 
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ponent of a lagging load. An induction generator, in fact, adds to the 
wattless component. It is for this reason that induction generators are 
not in general use. 

If, however, we excite the rotor of an induction generator with a 
leading current, the armature becomes capable of supplying a wattless 
component to help any synchronous generators in parallel with it. The 
induction generator, particularly for turbo machines, seems very attrac- 
tive for some classes of work, and if the exciter can be made sufficiently 
simple, it will probably come into more general use. Fig, 11 shows 
diagrammatically a method of exciting a 2-phase rotor of an induction 
turbo-generator by means of a “phase advancer.” The rotor and 
“ phase advancer ” are mounted on the same shaft. wA and wB show 
diagrammatically the 2-phase winding of the rotor. One end of each 
phase is connected to the shaft at О’. The other ends are connected to 
the collector rings sA and s B, and from these rings the current is 


Fic. r1.—Phase Advancer Direct Connected to а 2-phase Rotor. 


collected by means of brushes and carried to the brushes of the phase 
advancer b A and b B, which in this case would be provided with 4 poles, 
not shown in the diagram. The inner ends of all the armature coils are 
connected to the shaft at the point O, and the operation of the exciter 
is exactly the same as in the case described in Fig. то, except two phases 
are employed instead of three. It will, however, be seen that the brush 
capacity of the whole set is exactly the same as might be employed with 
ordinary direct-current excitation ; in fact, no one looking at such a set 
would be able to say whether the excitation was by direct or by alter- 
nating current. If at any time it became necessary to run the machine 
as a synchronous set, all that would be necessary would be to excite the 
field magnets by means of coils connected as a shunt. 

Methods of Inducing Consumers to Improve their Power Factor.—An 
important subject to be discussed by our station engineers is the means 
which can be employed for inducing consumers to improve their power 
factor. The rates charged for electrical supply commonly in voguc do 
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not take account of the power factor of the consumer's load. Station 
engineers, while exercising some control over the character of the 
motors installed, do not as a rule offer the consumer sufficient induce 
ment to improve his power factor. When we remember that the 
capital charges (especially for mains) form such a large proportion ot 
the total costs of supplying electricity, and also the small proportion 
which the cost of coal bears to the total cost, in many cases it would 
seem to be fairer to charge the consumer bv the kilovolt-ampere than 
to charge him by the kilowatt. 


DISCUSSION. 


Мг. S. J. WATSON: The paper which Mr. Walker has given us 
to-night deals with one of the most important questions which require 
consideration at the present day. It is one that has a very great 
influence оп the costs of the supplv. If the power factor is low, а 
much larger generator is required than would otherwise be necessary, 
and the cables and transformers are much more costly. In fact, 
additional expense is incurred right through the system from the 
start to the finish. Anything that can be done in the way of regulation 
at a reasonable cost must therefore be of benefit to the industry as 
a whole. Where large sub-stations are employed for converting from 
alternating current to direct current, the problem is easily solved by 
adopting different types of rotating transformers, but it may not always 
be to the best advantage for a sub-station that the type of plant in it 
should be of a mixed character. In many cases one would very much 
prefer to put in machinery all of the same kind. The tendency of 
present day practice where high-pressure alternating current has to be 
gencrated 1s towards the distribution of alternating current, so as 
to avoid the extra capital cost and working expenses of rotating 
transformers as compared with statics. There should therefore be 
a good demand for a simple and efficient power-factor regulator 
for use on static transformers or consuming devices. Іп what 
manner this regulation can be effected is a very interesting question. 
Considerable attention has been given to it by the author and 
others, and I have no doubt in the course of time some satisfactory 
solution, applicable, let us hope, to every kind of apparatus, may be 
brought out. It is clear that the particular type mentioned by thc 
author is only applicable in the case of motors; he does not, I 
think, advocate it for use with other classes of apparatus, which 
cause leading or lagging currents. The different methods of regula- 
tion mentioned in the paper will, I hope, be discussed by others 
who are, perhaps, very much better acquainted with such apparatus 
than I am personally. 

The most interesting part of the paper to me is the last paragraph. 
The author suggests that in the case of a large consumer who has 
a poor power factor owing to a number of induction motors, some 
differential method of charging for the supply should be adopted, 
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and he suggests that instead of charging through a watt-hour 
meter, that he should be charged through an ampere-hour metre. 
I cannot help feeling there would be a number of difficulties raised 
against employing such a method, especially if power consumers 
already being supplied and charged by watt-hour meters were told 
that after a certain date they were to be charged through an ampere- 
hour metre, strong objections would be raised against the change. 

The next point to consider is, who is going to provide the power- 
factor regulating device for the motors? It is undoubtedly to the 
advantage of the supply undertaking, because it attects adversely 
the capital expenditure, but I hardly think it likely that the different 
electrical undertakers in the country will go to the expense of 
providing small regulators in connection with each motor on con- 
sumers premises. On the other hand, if a consumer is told that 
he must not only provide a motor of the size he requires but must 
also purchase another auxiliary motor, in order to keep the power 
factor up, I am afraid the extra cost of the installation would be 
likely to retard the development of electrical driving. Some means 
may eventually be devised which will put on the consumer the 
necessity of providing such apparatus, but there are difficulties. One 
cannot, for instance, lose sight of the fact that in charging a consumer 
through an ampere-hour meter, he is being charged for units which 
have not been generated, and if some of the users get hold of that 
idea there would be a good deal of dissatisfaction. "This, however, 
is a matter which will have to be dealt with in the future. A motor 
load is, of course, not the only kind of load which provides lagging 
currents, and from what one hears, quite appreciable difficulties in 
that direction are being met with in some towns through the employ- 
ment of the small transformers, used in connection with metallic 
filament lamps. 

In conclusion, I should like to ask what the provision of such 
a regulator would add to the cost of, say, a 50-H.P. motor, and 
also how much less efficient the regulator and the motor together 
would be than the motor by itself. 

Mr. F. C. RaPHAEL: I think we are indebted to Mr. Walker 
perhaps more for his general discussion of the subject than for his 
actual description of his experimental machine. Now that attention 
has bcen redirected to the matter, we may have something new brought 
out soon, perhaps by Mr. Walker himself, that we can use at the 
station end of the feeders. As Mr. Watson pointed out, first of all it 
will be impossible to make a consumer increase the cost of his motor 
by adding Mr. Walker's device; secondly, when consumers are using 
induction motors that give very little trouble, having no commutators, 
and being almost the simplest things imaginable, it would be very 
undesirable that they should complicate the motor by adding a device 
with a commutator to it. In addition, very few consumers would 
bother about the thing at all. They pay for energy, and they do not 
mind what the power factor is. So long as there are rotary sub- 
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stations, it is comparatively a simple matter to bring the power 
factor up to unity, but assuming static sub-stations, it is distinctly un- 
desirable to add moving machinery to them for this purpose, so we 
come to the generating station end. Putting any device at that 
end has the disadvantage that the feeders are carrying the additional 
lagging current, but too much has always been made, I think, of 
the additional losses in the feeders. Of course the losses certainly 
vary with the square of the current, but, on the other hand, the loss 
is only a very small percentage of the whole power, and if we increase 
the current by a small percentage, it is only a percentage of a percentage. 
The chief loss is that the kilovolt-ampere rating of the gencrator 
is different from the kilowatt rating, and consequently the output 
from the generators is less if the power factor is bad. This is very 
serious, no doubt, in the case of turbo-alternators. Now it occurs to 
me that it should be very simple indeed to perfect an apparatus, 
which is easy to regulate, at the power-station end of the feeder, possibly 
combining it with the generator itself ; and perhaps in his reply 
Mr. Walker may have already thought out some device which can 
be applied in that manner. 

Mr. А. Е. Guy: Mr. Walker referred to the adoption of the principle 
of Thomson's arc-lighting machine. This is a machine which was used 
very successfully some eighteen to twenty years ago, and if the author 
has had any experience of this machine, he might have carried the 
application of the coil principle a little further perhaps. I would ask 
him if it would be practicable to adopt the air-blast tubes used in that 
generator for blowing out the sparking on Heyland’s machine. As is 
probably known, the arc lighter had two blower tubes coming out from 
small fan chambers fixed behind the commutator, which blew out the 
arcing across the segments just at the moment when the brush leit 
each segment. The segments of the commutator were three in 
number, with а gap of about $ in., the commutator being about 4 in. 
diameter ; the machine generated 9oo volts, and fed 18 arc lamps in 
series on constant current supply, so that the arcing on the segments 
was pretty heavy, апа. would be very destructive if it were not for 
action of the air blasts. Some years ago I had six of these machines 
under my charge, and the regulation of the current was wonderfully 
accurate, the voltage being varied by solenoids operating linkgear, 
which varied the position of each pair of brushes on the commutator. 

Mr. J. FRiTH: The whole paper is so full of new ideas that it i5 
rather too soon to begin to talk about it. Talking over the matter with 
one of my colleagues, he remarked, what must have struck many of us, 
how many exceedingly ingenious people have been on the track of 
inaking an induction motor having a unity power factor, and stil] there 
has nothing really commercial come out of it. If there was really a wav 
of doing it, some of these people would, at any rate by accident, have 
happened upon it. Ithink Mr. Walker's description of how the extra 
added E.M.F. can be used for both increasing and decreasing the slip 
of the motor is extremely lucid and well put. 
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Mr. A. E. McKENZIE : Up to the present we have not been troubled M 


with bad power factor in Manchester. As is generally known, most of 
our machines are of the synchronous type, and it is only quite recently 
that we have installed any induction motor plant. I may say that it is 
very rarely indeed that the power factor of the system falls below 0°95. 
I certainly agree with Mr. Frith that it should be possible to charge 
consumers according to their power factor. An official could go round 
periodically and take the power factor, and the charge could be based 
accordingly. I agree that it certainly would be better if this phase- 
displacing device was installed at the generating station. 

Mr. C. Е. 5мітн: I think we can pay this paper no higher 
compliment than to say that it is worthy of its author. In the early 
part of the paper Mr. Walker has given us a most elegant introduction 
to the idea of what he calls the * wattless component of the power " of 
an alternating-current system. In reading this introductory portion, 
one cannot help being struck with his exceedingly ingenious and pretty 
method of expressing the volt-amperes spent in exciting an alternating- 
current circuit as the product of the induced E.M.F. and magnetising 
current. To me this theoretical introduction forms a most delightful 
and suggestive variation from the usual text-book aspect of the subject. 
On the other hand, I am old-fashioned enough to take exception to the 
terminology which Mr. Walker employs when he speaks of the “ watt- 
less component of the power." I must say that I dislike the term 
'" wattless power." 

Of course I know that this expression is used by Steinmetz, and I 
looked up this afternoon the quotation in Steinmetz's “ Alternating 
Currents,” where he speaks of the wattless power in a circuit, and it 
seemed to me that the definition of the idle volt-amperes of a circuit 
which he gives there is rather remarkable. In dividing the product of 
volts and amperes into two parts, one of which gives the power in the 
circuit and the other gives the part which is not power, he says this 
other part may be called “the wattless power," or “the powerless volt- 
amperes.” Не seems to say we can either call this quantity power, or 
we can call it something powerless, just which we please. I think 
that a definition of that kind could only be seriously put into a book 
either by an extraordinary genius, who is able to disregard the ordinary 
fetters of language, or perhaps by a fool, and I need hardlv say that Mr. 


Steinmetz does not belong to the latter class. This definition seems. 


quite sufficient argument against the use of the term “ wattless power " 
by ordinary mortals. The product of volts and amperes which is spent 
in exciting a circuit can be regarded as being power having a double 
frequency, which on the whole disappears as regards useful effect. If 
referred to as “ power," I should not call the idle volt-amperes “ watt- 
less ” power, but rather, “idle” power. Watts and power I regard as 
identical, so that it is impossible to have wattless power, or powerless 
watts. 

I think the diagram on page 607, on which Mr. Walker shows the 
relations between the different quantities of a rotor circuit in which a 
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booster is introduced, is a most admirable example of how things that 
are really complicated can be shown simply on a diagram. We need 
only remember that the voltages represented by each of these lines is 
of variable frequency, and also of variable magnitude, to realise how 
difficult it would be to express the quantities and their mutual relations, 
which are here given on this simple diagram, іп any other way. I 
think the fact that Mr. Walker has been able to obtain the magnitudes 
of these different lines from actual measurement speaks very highly for 
his method of experimenting. Mr. Walker has alluded to the modifi- 
cations that his phase advancer has introduced into the design of 
motors, and if either this or some similar arrangement became general 
in connection with induction motors, undoubtedly the system of design 
would be very largely affected, and the dispersion coefficient would 
no longer be the important factor which it now is. 

There is one other point I should like to refer to. The * phase 
advancer " consists really of a booster having a variable frequency, and 
the complicated form that the booster takes is due to the fact that its 
frequency must be a variable quantity. I should like to ask Mr. Walker 
what objection there is to carrying out a suggestion he has himself 
made of exciting the booster with continuous current instead of this 
slowly alternating current. In that case, as stated, the motor runs as a 
synchronous motor excited from the rotor instead of an asynchronous 
motor with a slow periodicity booster. The motor would run 
synchronously under normal conditions, and could be over-excited or 
under-excited, so as to be made to give cither a leading or a lagging 
current or unity power factor. Supposing it fell out of step through 
overloading, the rotor would be short-circuited through the armature of 
the booster, and the machine would then behave simply as an ordinary 
induction motor. 

Mr. J. $. Peck: I wish to call attention to one thing that has 
occurred to me in reading over Mr. Walker's paper, and this is the 
remarkable ingenuity and versatility of Leblanc. We all know that he 
invented the field damper for alternating-current machines, the motor 
converter, the steam condenser, and many other useful things, and 
now we hear that some fourteen years ago he invented an exciter for 
improving the power factor of induction motors. 

The exciter shown in Fig. 1 is similar in principle to a single-phase 
commutator-type series motor. The characteristics of this machine are 
peculiar, When the fields are excited with an alternating E.M.F. it 
can be run at any desired speed from a circuit of constant frequency, 
or it may be run as a generator at any desired speed, and will deliver 
voltage at a fixed frequency as long as the frequency on the field is 
fixed. By changing the phase relation of the current and voltage in the 
feld circuit, it is possible to advance or retard the phase of the armature 
voltage, thus causing the machine to deliver leading or lagging currents 
with reference to other generators on the system. 

There is very serious objection to the introduction of commutator 
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devices on induction motors, and customers will not adopt such devices 
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unless they find that a motor with such a device is cheaper than one 
without it, or unless some difference is made in the price of power 
depending on the power factor of the load supply. Development in the 
electrical industry appears to have a way of moving in circles. We 
started originally with alternating-current ampere-hour meters ; later, 
the wattmeter displaced the ampere-hour meter completely. Perhaps 
in the course of a few years we shall return to the use of the ampere- 
hour meter. 

Mr. W. CRAMP : Mr. McKenzie has referred to the power factor in 
Manchester, and I should like to say that I think Manchester can call 
itself very lucky, for I was in a Midland town at Christmas where 
polyphase current is supplied, and I spoke to the engincer there about 
his power factor. He told me that it very rarely rose above 0772, and 
frequently was down to 0:66, and the power-factor meter on the board 
was at that time reading 077. Since this is a town where an excep- 
tionally large motor load exists, and since the object of every central 
station engineer now is to get a good motor day-load, it follows that the 
importance of this subject must increase as years go on. Mr. Walker 
has referred to various ways of increasing the power factor, and I 
should like to call his attention to a suggestion made by Mr. Swinburne 
in his Inaugural Address on December 4, 1002. Mr. Swinburne said 
that an ordinary condenser was of no use for practical purposes, but he 
went on to give a suggestion for an electromagnetic alternating con- 
denser, in which a field magnet excited by a coil has between its poles 
an oscillating ring or armature of copper. Mr. Swinburne points out 
that this arrangement can be made to be an effective electromagnetic 
condenser. I should like to ask if this has ever been tried in practice. 
It seems to me that theoretically there are two ways in which one may 
regard this question of raised power factor: (т) from the point of view 
which Mr. Walker uses sometimes, viz., the excitation of the field of the 
motor by a low-frequency current ; or (2) by the interposition in the 
circuit of a lagging electromotive force. 

Now from the latter point of view there are two distinct methods of 
overcoming the difficulty of a lagging current. When an alternating 
electromotive force is supplied to a coil which forms the exciting coil 
of a laminated electromagnet, there is required for magnctising 
purposes a current component which lags 9o? behind this E.M.F. 
This current component is in phase with the flux, and the flux itself 
produces іп the coil an E. M.F. 9o? again behind that flux. To raise 
the power factor of the circuit it is necessary to reduce this latter 
E.M.F. as much as possible. 

Obviously, one method of doing this is by super-imposing such an 
E.M.F. as would produce a magnetising current opposing the original 
magnetising current, and producing therefore a flux opposing the 
original flux. 

Such a result can be arrived at by arranging the super-imposing 
E.M.F. so that it is in direct anti-phase with the original impressed 
E.M.F.,and this method, which clearly results in а non-inductive circuit, 
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is called “ neutralisation,” and can only be applied where the magnetic 
field is not necessary to the functioning of the particular apparatus, as, 
for instance, in the case of the armature of a series alternating-current 
motor. 

When it is desired to get rid of the E.M.F. produced by the original 
oscillating field without actually destroying the field itself, we must 
insert in the circuit an E.M.F. produced from other sources than an 
opposing oscillating field. Only one source is commercially available, 
i.c., ап E.M.F. produced by the rotation of conductors through a field 
at right angles in time to the original field. This method, as 15 clear, 
necessitates the existence of a second field in quadrature with the first, 
and hence is easily applicable to a 2-phase circuit. This arrangement 
is shown in Fig. 1 of the paper, and the principle involved is correctly 
termed “compensation.” It is in this way that I think the distinction 
should be drawn between “neutralisation " and “ compensation." 
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Now Mr. Walker shows that a similar principle can be applied to 
3-phase circuits, and it is easy to show that in single-phase circuits also 
it is possible to devise compensators. At first sight this would appear 
to be impossible, since there is apparently no source available for pro- 
ducing a field at right angles to the original, but reference to the 
diagram above will show that this is not the case. 

In Fig. A, let the current C from the main circuit to be compensated 
excite the field F, and let the armature be short-circuited along the field 
axis by means of a commutator and brushes, as shown. If, now, the 
armature be rotated between the second brushes D — D, а compen- 
sating E.M.F. will be produced. Fig. B shows the vector diagram, 
the letters corresponding with those of Fig. A. C is the original 
current, and C, is the current produced in the armature short circuit. 
The difference between these two produces the field F in the air-gap, 
and rotation of the armature in the field F will produce an E.M.F. 
E between the brushes D — D,, which E.M.F. leads or lags with respect 
to the current C by a very considerable angle according to the 
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direction of rotation; consequently it may be made use of for 
compensating purposes. 

These principles are exactly those which are embodied in so-called 
compensating motors, whether we mean by that term machines such as 
those of Heyland or those of Winter-Eichburg and Latour. What 
Mr. Walker proposes to do apparently is to separate the compensating 
portion of these motors from the motors themselves, and it is not quite 
clear what advantage he claims for this arrangement. 

So much for the theory of the “phase advancer," and I should like 
now to call attention to one or two practical difficulties in its construc- 
tion, to which Mr. Walker is evidently fully alive, and in which I have 
already had some little experience. Some years ago, in 1903, I made 
some repulsion motors with wide brushes (ride B.A. Report, 1903), 
which brushes short-circuited coils of the armature, just as in Fig. то 
of the paper. Now, in those motors I found that it was quite possible 
to get excellent electrical results, including good commutation, but it 
was utterly impossible to keep the commutator cool. The fact is, the 
friction of a wide brush is a very difficult thing to obviate. Another 
difficulty which arose in the same machines was connected with the use 
of a composite brush. I made the brush of more than one material, 
and attempted, by mixing the components and compressing them, to 
use the composition for a wide brush, but differences in expansion due 
to heat were sufficient to damage the brush, especially at the corners. 
I used also similar compositions for a commutator, but as soon as it got 
hot unequal expansion took place, and the commutator fell to bits, or 
the corners of the brush came off. 

There is an interesting diagram on page 607, which Mr. Smith has 
already referred to. It seems to me therc that the power required tor 
this exciter is clearlv indicated, but of this Mr. Walker has said 
nothing. The product of the two lines Ca, Pa, and О.К, is, I think, a 
measure of the power required to drive the exciter. I should like to 
ask Mr. Walker what his experience is of the amount of power required 
for this type of machine as a percentage of the inotor output. 

Another point that occurs to me is that the tirst speaker referred, I 
think, to the old B.T.H. arc lighter, and suggested that possibly some 
commutator of that form might be uscd. Аза matter of fact, the wear 
on the commutator of that machine is very small indeed with the blowing- 
out arrangement used. Finally, I may say that I do not understand 
Mr. Walker as the Chairman understood him, namely, that these 
machines could not be used for raising the power factor of the line as 
apart from motors. 

Mr. А. С. CooPER : Mr. Cramp referred to the commutator wear on 
the old Thomson-Houston arc lighter being very small. I do not know 
that it matters whether it is on the commutator or on the brushes. 
I have had some years experience of that type of machine, and I found 
although the cominutators did not go the brushes soon went. After 
running them for 24 hours I had to stop and cut the brushes off, 
otherwise they broke off. 
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Mr. T. H. M. SWINBURNE: On page 611, paragraph 2, the author 
speaks of supplying energy to the induction motors through the rotor 
circuits, with, I take it, one of these phase advancers. I would liketo 
ask him what economy he expects would result from the use of that, 
as regards capital charges in the first instance, and working expenses, 
as compared with the arrangement which is sometimes met with d 
supplying energy into the stator coils. 

Mr. J. W. STELLING : Is this machine practicable for high voltages 
and if it is intended for high voltages, won't the cost be rather high ? | 
should also like to know what material is used for the brushes. With 
regard to the rotary converter being used as a phase correcter, won't it 
be rather troublesome in altering the excitation, because if you wish to 
produce the power factor required it means altering the excitation very 
widely, and that means altering also the direct-current voltage. That 
seems to me to promise trouble, because these rotary converters are 
usually used in connection with either traction or lighting loads. 

Mr. H. C. CREWS : I should like to sound a note of warning against 
the use of the term “penalising the consumer." I think station 
engineers are rather apt to consider the consumer from a wrong point 
of view. A better business method is to offer some “concession” to 
the good power-factor consumer. By this means of dealing with the 
matter you are much more likely to induce him to adopt machinerv 
having the better power factor so desirable to alternating stations. 

Mr. MILES WALKER (in reply): It has been suggested that the 
phase advancer, while it would improve the power factor of induction 
motors, would not compensate for the wattless current taken by other 
apparatus, but it must be remembered that if there are any big induc- 
tion motors on the system, it would be possible to run these on а 
leading current, and so compensate for the wattless current of other 
apparatus. 

With regard to the question of the cost of the motor, it is quite 
possible that you cannot reduce the price of the motor sufficiently to 
pay for the phase advancer; but I think we shall find the cost of thc 
motor can be reduced a good deal, and there would be occasions 
where customers would prefer a motor with a better power factor. 

As far as efficiency is concerned, this will probably be reduced 
a little. 

Several speakers have said that it would be better to have a com- 
pensating device in the station. The difficulty is that the kilovolt- 
ampere rating of such a machine would be very large. The whole 
point of the phase advancer is that the kilovolt-ampere rating is small 
as compared with the rating of the motor, and therefore its cost 15 
very much smaller than the cost of a synchronous motor doing the 
same work. In the station you have already got the alternator, and 
if you wish for a machine there to compensate for wattless currents 
you cannot do better than supply the alternator with a strong field 
magnet. It will be quite as efficient as any other machine which could 
be put in the central station. 
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With regard to Mr. Smith's criticism of the expression ‘“wattless 
component of the power,” it must be remembered that the instan- 
taneous power may be sometimes positive and sometimes negative, 
so that while it is power it reads zero on a walimeter, and therefore may 
correctly be said to be wattless. We picture the power as being made 
up of two components, the product of the wattful current into the 
volts, and the product of the wattless current into the volts. It seems 
correct to me to speak of the latter component as the wattless com- 
ponent of the power. I admit that “idle power" would be better. 

Turning again to Mr. Smith's criticisms of the wording concerning 
the energy stored in an alternating-current field, I think this is a 
correct expression, because at the time that the alternating field exists 
it constitutes a store of energy, and at that time it is still an alternating 
field. 

With regard to the power required to drive the phase advancer, the 
actual power taken to drive it depends entirely upon what you are 
doing, whether you are increasing the E.M.F. in the rotor circuit or 
decreasing it ; if you are decreasing it, the phase advancer tends to run 
as a motor. 

Of course, one of the troubles with this system is that a small phase 
advancer does not enable you to compensate for the wattless current 
when you are starting a motor. If you want a phase advancer to 
compensate the wattless current when you are starting, you would have 
to have it of very large size and at verv high frequency. 

One speaker referred toa 2-phase motor with a 3-phase wound rotor 
started with in resistance in circuit, and wished to know how the 
operation of a phase advancer would compare with the present 
arrangement. The question as to whether it would pay to put in a 
phase advancer depends upon how important it is to have a good 
power factor. If one does not care whether that motor runs at 9o per 
cent. power factor or unity power factor, it is better to leave it as 
it is, but if there is a strong reason for running this motor at unity 
power factor, or for running it on a leading power factor for the 
purpose of compensating for some other machine, then it may be 
worth while to put a phase advancer in. This would cost anything 
from ro to 30 per cent. of the cost of the motor. 

The phase advancer would in general be a machine designed for 
a low voltage and a large current. 
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EARLY EXPERIMENTS IN ELECTRIC TRACTION. 


By W. W. LACKIE, Member. 


(Communication received from the GLASGOW LOCAL SECTION, Fanuary 30. 
and read at Glasgow, February 9, 1909.) 


At the last annual dinner of the Glasgow Local Section of the Institu- 
tion of Electrical Engineers, Mr. W. M. Mordey, the President, said that 
Glasgow really had the honour of being the very first place in the whole 
world to give a practical demonstration of electric traction. It was 
recorded that in 1837 Robert Davidson* propelled a car on the 
Edinburgh and Glasgow Railway by means of an electro-magnetic 
engine, the current being supplied by a primary battery. This was 
іп 1837, five years before the completion of the railway. Мг. Mordev 
suggested that the Local Section Committee might try to find some 
record of the experimental apparatus used in that pre-historic trial. 

A dav or two after the dinner, acting on Mr. Mordey’s suggestion, 
I instituted inquiries in various directions, and have got together the 
following information regarding Mr. Davidson's experiments, which 1 
trust may be of interest to the members. These notes, which are 
simply a summary of the reports, I have received from various sources 
in response to my inquiries. 

Mr. James Paton, the Curator of the Glasgow Corporation Galleries, 
confirmed Mr. Mordev's remarks, and quoted from a paper contributed 
to the Institution of Civil Engineers by Mr. Robert Hunt in 1874. 

Mr. F. T. Barrett, the Glasgow City Librarian, referred me to the 
“ Encyclopedia Britannica,” roth ed., vol. 28, p. 92. 

Mr. William Stevenson, the Telegraph Superintendent of the 
Caledonian Railway Company, sent me valuable information which 
һе had received from Mr. J. F. McIntosh, the locomotive superintendent 
of the Caledonian Railway, and he sent three pages from a magazine 
entitled, The Practical Mechanic and Engineers’ Magazine, of November, 
1842. This contained a paper by Mr. David Mackie, Lecturer оп 
Mechanical Philosophy, on “Тһе Prospects of Electro-magnetism as а 
Prime Mover, with a Notice of Мг. Davidson's Apparatus.” This paper 
was illustrated by a number of diagrams, and also had a drawing of Mr. 
Davidson’s electro-magnetic car. This I have had reproduced. То all 

* See Electrical World, xvi., 276, 1890 : xvii., June 20, 1891, with portrait ; see als 
“ Sturgeon's Annals of Electricity," v., 239, 1840. 
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these gentlemen—Mr. Paton, Mr. Barrett, Mr. Stevenson, and Mr. 
McIntosh—I now publicly acknowledge my own and your thanks 
for the trouble they have taken. 

Mr. Robert Davidson was an Aberdeen man, but he evidently spent 
а part of his life in Edinburgh, for he was a Member of the Society 
of Arts there, and lived at Ravelrigg, Midlothian. From the infor- 
mation at my disposal, and quoting freely from Mr. Mackie's paper, I 
find that, prior to Davidson's demonstration in 1839, in November, 
1832, Salvator Del Negro, Professor of Natural Philosophy in the Uni- 
versity of Padua, and in December of the same year, Dr. Schulthess, of 
Zurich, both published papers on this subject of “whether such a power 
as that which is obtained by interrupting the electric current, and then 
restoring it, could not be applied with advantage to mechanical 
science." In January, 1833, a machine was exhibited showing how 
this had so far been accomplished. In November, 1834, Professor 
Jacobi, of St. Petersburg, in the presence of the Academy of Science, 
Paris, read a note upon a new electro-magnetic apparatus, and about 
this date he propelled a boat on the Neva by means of such a device. 
Professor Jacobi continued his investigations in 1838 under the 
auspices and at the expense of an Imperial commission. He then tried 
the grand experiment of impelling a boat by electro-magnetism. The 
vessel was a 10-oared shallop equipped with paddle-wheels, to which 
rotary motion was communicated by an electro-magnetic engine. In 
general there were 10 or 12 persons on board, and the voyage was 
continued “for entire days." Тһе vessel went at the rate of 4 miles 
per hour, which was certainly more than was accomplished by the 
first little boats propelled by steam. The boat, according to Jacobi, 
was 28 ft. long and 74 ft. in width, and drew 24 ít. of water. The 
machine, which occupied little space, was worked by a battery of 
64 pairs of platinum plates, each having 36 sq. in. of surface, and 
charged according to the plan of Grove with nitric and sulphuric 
acid. The boat, with a party of 12 or 14 persons on board, went 
against the stream at the rate of 3 miles per hour. This experiment 
was tried in 1839, and showed the great progress that had been made 
in one year, for in 1838, when it was attempted to propel the same boat 
by the same machine, it required a battery of about five times the size. 

This is of particular interest at the present time, as only last year 
one of our members, Mr. H. A. Mavor, read a paper to the Institute 
of Engineers and Shipbuilders in Scotland on “Тіс Electric Pro- 
pulsion of Ships." In 1839 Professor Jacobi communicated the results 
of further experiments in ship propulsion to Dr. Faraday in London, 
and these he in turn communicated to the London Philosophical Journal. 
This communication in the London Philosophical Journal was the means 
of Professor Forbes, of Aberdeen, writing to Dr. Faraday giving him 
a detailed account of the progress made by his fellow-townsman, Mr.- 
Robert Davidson. Mr. Davidson had in operation, and had exhibited 
in Edinburgh in 1839, a saw-mill, a turning lathe, a printing press, 
апа a locomotive engine, all worked by electromotive power. In 
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America, in 1836, а Mr. Davenport, then a blacksmith in Philadelphia, 
had turning lathes actuated by this power, and in his determination to 
go ahead he commenced in January, 1840, a newspaper entitled the 
Electromagnetic and Mechanics Intelligencer. This paper, published at 
New York, was printed on a press worked by an electro-magnetic 
engine. In 1839 a Captain Taylor of America patented an engine very 
similar to Mr. Davidson's. 

Mr. Davidson had been engaged in the construction of the first 
locomotive carriage from 1837, and in 1839 he finished the first carriage 
which was capable of running with two persons along a coarse wooden 
floor. The expenses of his experiments till 1840 were entirely defraved 
by himself, but at this date the Royal Scottish Society of Arts voted 
him a few pounds to be employed in determining certain points 
connected with clectro-magnetic machines; and several gentlemen 
undertook to defrav the expense which might be incurred in the con- 
struction of a railway carriage capable of being propelled by the 
agency of electro-magnetism. This gave rise to the large and massive 
carriage which in September, 1842, was tried on the Edinburgh and 
Glasgow Railway, now part of the North British Railway system. I 
now quote from the Railway Times of December 10, 1842:— 

*A trial was made last month on the Edinburgh & Glasgow 
Railway, in presence of a large number of gentlemen, many of whom 
are eminent for their scientific knowledge, of this very ingenious 
machine constructed by Mr. Davidson. Тһе carriage was impelled 
along the railway about a mile and a half, and travelled at the rate of 
upwards of 4 miles an hour, a rate which might be increased by giving 
greater power to the batteries and enlarging the diameter of the wheels. 
We understand that the carriage was built at the expense of the Railwav 
Company, and we cannot but congratulate them on having the discern- 
ment to employ Mr. Davidson, a gentleman of much practical knowledge 
and talent, by whose genius great discoveries have been made in electro- 
magnetism, by whom the carriage was projected, and to whose 
unwearied exertions we owe it that the practicability of the scheme i: 
almost placed beyond doubt. The dimensions of the carriage are 
16 ft. long and 7 ft. wide, and it is propelled by 8 powerful electro- 
magnets. Including batteries, magnets, ctc., the whole apparatus 
weighed a little over 5 tons. The carriage was supported by four 
whcels of 3 ft. diameter. On each of the two axles there is a wooden 
cylinder on which are fastened three bars of iron at equal distance 
from each other, and resting on the carriage there are eight powerful 
clectro-magnets. When the first bar on the cylinder has passed the 
faces of two of these magnets, the current of galvanism is then let on 
to the other two magnets. They immediately pull the second bar 
until it comes opposite them. The current is then cut off from these 
two magnets and is let on to the other two. Again they pull the third 
bar until it comes opposite, and so on—the current of galvanism being 
always cut off from one pair of magnets when it is let on to the other 
pair. The manner in which the current is cut off and let on is simply 
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this...” (A lengthy description is here given of what we know asa 
simple commutator or current interrupter.) 

“At the other end of the carriage” (the writer continues) * there are 
four magnets and a wooden cylinder with iron bars arranged іп the 
same manner. The battery which is used for propelling the machine 
is composed of до cells of iron and zinc plates immersed in dilute 
sulphuric acid, the iron plates being fluted so as to expose greater 
surfaces in the same space. The weight propelled was about 6 tons.” 

The locomotive made several trips upon Scottish Railways, but was 
finally wrecked by jealous railway employces, while it was lying in a 
car-shed at Perth. This mode of dealing with a new invention was not 
uncommon at that time. — 

The first -and last sentences of Mr. David Mackie’s paper (above 
referred to) are worth reading. He begins :— 

“ The dangers to which persons are exposed from the explosions of 
boilers, while travelling by vehicles propelled by steam power, though 
now comparatively rare, still occur to such a degree as to render 
desirable the adoption of any other means of transit unobjectionable 
on that point, and which at the same time holds out the prospect of 
being equally economical and effective. То many the power derived 
from electro-magnetism may appear totally unworthy of consideration, 
when they compare what has hitherto been done with the stupendous 
effects produced by the agency of steam.” Не goes on: “ Even one 
hundred years ago, no person would have believed that there slumbered 
in a few gallons of water a power equal to that of hundreds of horses, 
and which when applied to machinery, would, in defiance of wind 
and tide, impel the largest vessels to the most remote corner of the 
globe, raise thousands of times its own weight from the bowels of the 
earth, and propel trainsof carriages with a speed which the fleetest 
coursers cannot equal.” He concludes :— : 

“ Tron vessels have now been proved well adapted for duty at sca, 
and since that metal and salt water constitute two important elements 
of a voltaic battery, may some means not be suggested of introducing 
the third element so that a great part if not the whole of the surface of 
the ship may be called into action for the purpose of furthering her 
progress, thus making the ocean so far her propeller, as well as 
support, while her own body also performed two important offices. 
Much less weight would also require to be carried by an electro- 
magnetic boat than by a steam, and she could therefore undertake 
much longer voyages." 

This last paragraph shows that even the Clydebank battery was 
anticipated. The conclusion come to is that Mr. Mordey was correct 
in stating that Glasgow had the honour of being one of the very first 
places in the world to give a practical demonstration of electric 
traction applied to land purposes ; but it was in 1839 that Davidson had 
his first car running, and it was in 1842 that the car was run on the 
Edinburgh and Glasgow Railway. 
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THE ELECTRO-HYDRAULIC PUMPING PLANT 
AT THE BRISTOL DOCKS. 


By W. A. CLATWORTHY, Member. 


(Paper received from the NEWCASTLE Locar SECTION, December 29, 1905, 
and read al Newcastle on February 1, 1909.) 


There are a good many hydraulic pumps driven by electricity at 
the present time, various methods of control being adopted, and a paper 
describing the different systems would no doubt be of great interest. 
The plant about to be described, however, has, I believe, many points 
of interest, besides some features which are novel, particularly in the 
method of electrical control. Тһе object of the plant is to provide 
water-power for operating various cranes, capstans, lock-gates, bridges, 
ctc., in connection with the Bristol Docks. 

Until quite recently this work has been done by two sets of heavy 
steam reciprocating pumps, automatically controlled in the usual well- 
known way by the movement of the accumulator. 

There were several reasons for the substitution of electrical driving. 
amongst which may be mentioned that the boilers were becoming 
“done,” that the Bristol Corporation were supplying electric current 
at favourable rates, and not least, on account of the high efficiency 
obtaining in electric motor driving. There was space in the pump- 
room for three steam sets, but only two were installed, one at each end 
of the room. It was therefore decided to fix the first electrically 
driven set in the central position between the two steam sets. The 
foundations were of very massive concrete, room being left at the side 
and below the floor-level for the jack pumps, which were driven from 
the extension of crank disc pins through connecting rods. 

When this central set of electric pumps had been installed and 
satisfactorily set to work, one of the steam sets was removed, fresh 
concrete foundations being prepared for the second electrical set of 
pumps, which was next installed. Finally, the second set of steam 
pumps was removed and the third electrical set put in its place, but 
on new foundations. 

Pumps.—The new pumps, which were to the specification of 
Mr. W. W. Squire, the Bristol Docks enginecr, and which were made 
by the well-known firm of engineers, Messrs. Fullerton, Hodgart & 
Barclay, Paisley, are of the duplex differential ram type, giving a very 
uniform delivery of water and having a fairly uniform turning eftort. 
The pumps are of the outside packed plunger type, each pump being 
single acting on the suction and giving a double acting discharge. 
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Each set of pumps really comprises two pumps working from cranks 
set at 9o*. The rams are 38 in. and 54 in. respectively by 18 in. 
stroke, delivering 150 gallons of water per minute, against an accumu- 
lator pressure of 750 lbs. per square inch when running at 60 revs. per 
minute. The suction pipe for each set is 6 in. diameter, branching to 
5 in. diameter at each pump suction valve box. The delivery pipe is 
4 in. diameter from each pump, coupled to a 4 in. pipe joining the 
main discharge pipe. 

The ram of the jack pump is 74 in. diameter by 18 in. stroke single 
acting, delivering not less than 276 cub. ft. of water per minute 
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FIG. I. 


against a head of 15 ft., and drawing from the dock with a suction 
head of 5 ft. at 60 revs. per minute. For some of the members not 
familiar with this class of differential pumps the accompanying diagram 
may be interesting. The large ram draws water through the double 
suction valve A, and on the return stroke discharges it, the whole of the 
water, through valve B. Half of this water passes to the small ram 
filling the chamber, as the small ram travcls on its outward stroke, the 
other half passing through the non-return valve C away to the hydraulic 
main. On the reverse stroke the small ram discharges through the 
non-return valve C, while Фе large ram is again drawing its supply 
through the double suction valve А. This arrangement simplifies the 
number of valves required and yet retains a uniform load on both 
rams. Half the area of the large ram is under full pressure when 
pumping, the smaller one being always under constant pressure. An 
equally steady flow of water could be obtained with both rams of 
VoL. 42. - 41 
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the same diameter, but this would entail separate suction and delivery 
valves for each ram. 

Motors—The motors are by Messrs. J. H. Holmes & Co., of 
Newcastle-on-Tyne, 6-pole, open type, with three bearings, designed 
for anormal speed of 240 revs. per minute, 500 volts, but arranged to 
run up to a maximum speed of 360 revs. by means of field regulation. 
The motors are shunt wound and capable of casily giving 125 B.H.P. 
normally and 150 B.H.P. as an overload. The efficiency is 91 per cent., 
giving a fairly straight “curve” over a good range of load. 
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Gear.—A single reduction of machine-cut double helical gear is 
used between each motor and set of pumps, with a ratio of 1 : 6—1.c., 
12 in. pinion and 72 in. wheel; the teeth are staggered. This gear is 
of great strength and very smooth in running. The wheels run in an 
entirely enclosed cast-iron casing forming an oil bath, inspection doors 
being provided. 

Control.—'The whole of the switching apparatus was made by 
J. H. Holmes & Co., consisting of a switchboard in the pump house, 
and of three relay switches in the accumulator house. The switchboard 
consists of four white marble panels ; one of these carries the ammeter 
circuit breakers, fuses, etc., and the remaining three carry the motor 
controlling devices. 

The starting switch is of the long-screw type with about 50 to 60 
contacts, each contact consisting of a permanent gun-metal base bolted 
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to the marble slab, and on which a renewable copper bar is screwed. 
The sweating sockets at the ends of the insulated cables from the 
resistances are bolted to the contact bases. The sliding contacts, four 
abreast, any one of which can be instantly removed, are carricd froma 
travelling bridge worked up and down by the screw. This screw is of 
fairly large diameter, with a quick acme thread, and runs іп ball- 
bearings. The screw is rotated by a small reversible Lundell motor 
through triple-threaded wormgear, a regulating switch being provided 
for adjusting the speed of starting the pumps. The usual time 
occupied is 15 to 16 seconds, but the return of the starter is quicker. 
The screw starter contains a lever switch which is closed mechanically 
by means of a tappet operated from the travelling bridge. This lever 
is held on magnetically, thus providing a no-voltage release in the 
event of the supply failing. A relay circuit is made by this lever in its 
“off” position so that the starter is automatically returned to its initial 
position on the resumption of the current supply. The pilot motor 
circuit is taken from the neutral wire to the negative main, 250 volts. 
This pilot circuit is kept quite distinct from the main circuit, and has 
its own double-pole fuses, and no-volt release double-pole switches. 
The field regulating switches for the pump motors arc fixed at the tops 
of the panels, and are of the solenoid type with oil dashpots for retard- 
ing the motion both in raising and lowering the speed. "There is 
no permanent step for speed regulation between 240 and 360 revs. 
The point where this increase of speed shall take place is, of course, 
determined by the movement of the accumulator, but the screw starter 
is provided with special contacts in its full “on” position which 
prevents the field regulating switch from rising until all the starting 
resistance has been cut out, and thus ensuring that the motors shall 
start with full field strength, no matter how rapidly the accumulator 
may be falling. 

'The pilot motor which operates the starter is controlled in both 
directions of rotation by small solenoid switches without the use of 
starting resistances, the connections thus being very rapid. There are 
two of these solenoid switches, one for starting up and the other for 
returning the starter to its initial position; they are electrically iuter- 
locked so that only one can operate at a time. 9 

Owing to the limited capacity of the transforming station from 
which the current supply was drawn, it was necessary to provide that 
not more than one set of pumps should start at a time. This could not 
conveniently be arranged from the accumulator switches, because at 
times the demand for power was so large and the fall of the accumu- 
lator so rapid that otherwise it would have been impossible to prevent 
a second set of pumps starting before a first set had been fully started. 
Special contacts, therefore, were placed at the ends of the starters to 
provide for this and in the relay circuit of the solenoid switches 
belonging to the pilot motor. 

As a gencral rule two scts of pumps deal with the load satisfactorily, 
and although the plant thereby has practically a spare set of pumps, 
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yet all three sets аге kept іп working order, and do their share of the 
load in turns. A 3-point 6-way grouping switch is mounted on the 
switchboard so that the following four combinations are possible. 


(a) Sets т апа 2 connected up, No. 1 starts first. 


(>) , 2 and 3 " No.2  , 
(<) , rand " No. 3 е 
(d) , 12, апа 3 » No. I " 
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Accumulator Switches.—In the accumulator house are three rotary 
switches controlling the relay circuits of the pilot motor on the starting 
switches. These switches are rotated by wire ropes from the accumu- 
lator. One end of each rope is fixed to the accumulator, the rope thea 
passes down to the floor level where the switches are located, and takes 
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a couple of turns round a pulley, which engages with the switch-spindle 
by internal spurgear ; the rope then rises to the roof, passing over 
another pulley, where the other end is secured to cheese weights. For 
purposes of safety in case the rope should break these weights are 
secured to the accumulator by a short length of chain. The friction of 
the rope on the pulley is quite sufficient for driving without any slip. 
Each accumulator switch is mounted on a marble base and fitted ina 
cast-iron box ; the switch spindle is positively driven from the pulley 
and gear through pottery insulators on pins forming a kind of ficxible 
coupling highly insulated. The fixed contacts are arranged in rings 
around the spindle ; the movable contacts are of the plunger type. 
The switch has two levers which are adjustable relatively to one 
another in an angular direction for varying the period between starting 
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MN to no-volt release bobbin on starter. 
O to + supply. 
P to shunt тер ting switch solenoid. 
Q to pilot motor solenoid. 


and stopping. The total angular movement of the switch corresponds 
exactly with the total travel of the accumulator. To set the switch 
levers in the first instance it was only necessary to slacken the wire 
rope and move the pulley round. 

In order to reduce the frequency of starting and stopping as much 
as possible when two sets of pumps were at work, it was necessary to 
so adjust the switch-levers that the second set of pumps not only 
started after but also stopped before the first set working in conjunction 
with it. The diagram shows the positions of the levers as set on the 
three switches. F L represents the lever which is fixed to the switch 
spindle, and AL represents the second lever, which is adjustable 
relatively to the first. 

When No. 1 and No. 2 pump sets are switched into circuit, No. 1 
will start up after the accumulator has fallen, say, 3 ft. If, now, the 
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demand for power is less than ‘the supply, the accumulator will rise 
and the pumps will be stopped when the accumulator is within about 
a foot from the top of its travel. If, however, the demand exceeds the 
supplv the accumulator will fall a further 3 ft., when No. 2 pumps 
will start. If the accumulator ascends under these conditions No. 2 
will come to rest within about 3 ft. from the top and №. т will either 
take the accumulator to the top or allow it to again descend. If, on 
the other hand, the accumulator still descends with No. 1 and No. 2 at 
work, then No. 1 will go on top speed first, the lever of the rotary 
switch having reached the point B where current passes, exciting the 
solenoid of the field regulating switch. A further descent of 3 ft. 
brings No. 2 set on to top speed also in a similar manner. 
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The control of sets 2 and 3 and 3 and 1 in combination is the same 
excepting that while No. 1 starts 3 ft. from the top and stops at the top 
No. 2 starts 6 ft. from the top and stops 3 ft. from the top. No.3 
also starts when 9 ft. from the top and stops within 6 ft. from the 
top. It will be seen, therefore, that without the use of a selecting 
switch to change over the several accumulator switches to the several 
pumps that when such a combination as Nos. 1 and 3 occurs the 
accumulator must fall 9 ft. before one set of pumps will start, with 
the result that one set will follow the other in quick succession. 

In practice, however, it is found convenient for sets 1 and 2 and 
2 and 3 to be used in turns for tide work and for No. 3 to do most of 
the work in between the tides. This equalises the work on the several 
pumps fairly well. 

It will be seen from the diagram of connections that when rings 
x and y on the accumulator switch are connected, current excites the 
solenoid of pilot motor switch for starting the pumps; it may happen 
at such a moment, however, that the demand for power suddenly 
ceases, and the first few strokes of the pump cause the accumulator to 
rise and consequently the lever to fall away again from contacts x and у, 
soin order to prevent the solenoid switch brcaking circuit and thus 
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causing the starter to remain in an intermediate position between “ off ” 
and “on,” special contacts are provided by which the circuit to this 
solenoid when once made by the accumulator switch is maintained 
until the starter has reached the limit of its travel. 

It will be seen from the foregoing that it is quite simple if preferred 
to put the relay automatic system out of action altogether. The starters 
would then be started up by hand, hand-wheels being provided at.the 
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end of the screws and the pumps run continuously, the water being 
bye-passed in the ordinary way at the top limit of accumulator travel. 
From observations of the plant in working it was found quite 
common for a set of pumps to start and stop as often as 20 to 24 times 
in an hour, and again a set has been known to run for four or five hours 
without stopping. The work 15 very variable and depends оп the 
demand for power for several swing-bridges, lock-gates, cranes, etc. 
When the first set of electric pumps had been installed it worked quite 
satisfactorily for some time sharing the load with one of the steam sets. 
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Under tests conducted by the Bristol Docks officials, an efficiency 
of 82 per cent. was obtained, reckoned upon the displacement of the 
rams against the amount of current used by the motors. 


DISCUSSION. 


Мг. J. A. ANDERSON: A few years ago it was a somewhat difficult 
matter to get manufacturers to supply automatic control gear for 
pumps, especially when driven by a 3-phase motor, but now there 
are a great many different types on the market. About eight years ago 
I had to do with a 3-phase pumping installation іп a shipyard where 
we fitted a standard controller with 2-way pawl and ratchet gear. The 
controller is put on and off by means of a small 3-phase motor which 
is started, stopped, and reversed by means of tappit switches fixed on 
the accumulator uprights, and operates the controller through the 
above pawl and ratchet gear. It is operating now, and has given no 
trouble, and it has the advantage of having its principal parts made 
up of standard material. Another type of gear which operates very 


‘satisfactorily is a standard controller operated by a small hydraulic 


ram controlled by valves fixed on the accumulator timbers. The 
Newcastle Electric Supply Company have some lay installations fitted 
up in this way. Where there is a fairly steady load for one pump it 
would save some considerable expense to have one pump run on а 
bye-pass when the accumulator reaches the top; the motor could be 
squirrel cage in the case of а 3-phase supply. The losses would not 
amount to much if an efficient and properly operated bye.pass valve 
were installed. In regard to the accumulator gear mentioned, it would 
be possible to reverse the small direct-current motor operating the 
main switch before it had stopped running in the forward direction. 
This would possibly happen if the accumulator were called upon to 
deal with a heavy load when, just after, the small motor had started to 
cut the main switch out. Has the small motor been made to meet this 
condition ? 

Mr. Е. T. Нахкв: When the motors start the pumps start up also as 
there is no relief valve, and this being the case, would it not be better 
to have a few series turns on the motor for starting? With regard to 
speed regulation by means of shunt regulation, does the small field 
rheostat arm continue to rise to the top of its motion on commencing. 
or can the speed be taken to a certain point and stopped on any step ? 

Mr. M. J. H. Pockson : I should like to know why the Bristol Corpora- 
tion use the direct-current system, as I understand they already have 
an alternating-current station. 

Mr. A. H. Law: Mr. Clatworthy's paper is very interesting as 
showing what intricate mechanical problems the electrical engineer is 
now required to solve, especially in the direction of devising automatic 
apparatus for doing away with human supervision. Coming to the 
detail of the paper, at first sight it would appear preferable to run one 
of the pumps continuously and to bye-pass the water which is not 
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required, or only to bye-pass the water when running up the pump, in 
which case it would be possible to run up a good deal more quickly 
and perhaps to reduce the size of the starters. What would happen if, 
after a motor and pump have been shut off, a sudden call for power 
should cause it again to be switched into circuit before the starting 
mechanism has had time to travel back to the starting position? Would 
any trouble be experienced with the rope-friction method of operating 
the starting apparatus—it seems only a question of time before some 
slip would occur on the pulley, necessitating a readjustment of its 
position? In one of the lantern slides shown by Mr. Clatworthy the 
wheels for working the starting mechanism by hand are shown, and 
seem to have bcen placed in rather an inaccessible position. 

Mr. C. TURNBULL : I should like to know why 3-phase current is 
not used. 

Мг. К. М. LoxcMaN : I should like to know why direct current is 
used and not alternating current, especially as the Corporation is so 
particular about variation of current. Further, would it not be 
advisable to keep one pump running (not on the automatic) steady 
for some time and another pump (оп the automatic) to deal with 
variations of load? Also, have recording ammeter charts been taken 
of the total supply for this plant? Would it not be better to have an 
electrical method of control and connection between the accumulator 
and switch rather than the present mechanical arrangement of rope 
and pulleys? The rope is likely to slip and also to break. The hand- 
wheels appear to be in a very awkward position, and it would be inter- 
esting to know if this automatic arrangement is in actual use, or whether 
the hand operation is chiefly used. i 

Mr. W. A. CLATWORTHY (in reply): I think the bye-pass arrange- 
ments are very useful, and the prime cost of a plant fitted with same 
is much less than one with switching gear to start against the full load. 
I recently inspected a plant where the motor was quickly started and 
brought up to full speed (the pumps running light) by a series of snap 
solenoid switches, the last switch making connection to a separate 
solenoid which operated and closed the bye-pass valve, the action of 


which was checked by a dash-pot, and which was undoubtedly a very. 


satisfactory arrangement. 

In reply to Mr. Hanks, there is no great armature reaction when 
the shunt-wound motors are started, as the initial current is not greatly 
in excess of the running current. There is no intermediate speed 
obtainable between the normal and full speed, and when once the 
shunt regulator has been put into action it continues to the end of 
its stroke. 

In answer to Mr. Pockson, with regard to direct current being used 
when there 15 already ап alternating-current station, the sub-station 
referred to has been in existence for some time, and current from same 
is used for other pumps, plant, arc lighting, etc. No battery has been 
installed. 

In reply to Mr. Law, I believe the main reason for the system of 
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control adopted is to obtain as economical results as possible, as ю 
current is being used excepting when useful work is being done. The 
question of the sudden demand for power has bcen well considered, 
and, no matter how quickly the accumulator may fall, the electrc 
pumps respond to the full requirements. I do not think any troube 
will be experienced with slip of the rope on the pulley, as the latter are 
of relativelv very large diameter, and, although the surface is quite 
smooth, the friction of the rope is ample. 

In reference to Mr. Longman's question, if the demand for power 
had been at all regular it would probably have been convenient to keep 
one set of pumps regularly running, but the load is anvthing but steady; 
it depends a great deal upon the tides, etc., and at times there are 
considerable pauses in the demands for power. 

I consider the mechanical connection between the accumulator and 
the switches is better than having a number of switches placed about 
the accumulator. It must be borne in mind that these accumulator 
switches have different functions to perform, and it seems better to 
confine or group the various contacts in one switch. The hand-whecls 
are only placed on the controller in case of any accident to the relay 
system, and, so far as I know, have never been brought into requis itin 
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RESEARCHES ON THE MAGNETIC PROPERTIES 
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SUMMARY. 


BIBLIOGRAPHY. 
INTRODUCTION. 


The present work deals with the magnetic and electric properties of 
a series of steels, strictly comparable in every respect. The object has 
been to investigate steels containing uniformly 3 per cent. of tungsten, 
with carbon increasing from о’то to гто per cent., other impurities 
being at a minimum. 

‘That tungsten does enormously influence the magnetic properties 
of steel, is, of course, well known. The most suitable tungsten 
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content for permanent magnet steel is, perhaps, a little open to 
question. The present paper, however, is strictly an examination of 
a constant-tungsten series, dealing also with the factors governing the 
permanence of magnets. 

The same series of steels has been exhaustively examined by 
mechanical, thermal, and microscopical methods,* and a correlation 
of these properties with the magnetic and electric should prove of 
interest. 

The steels were examined in the normal, annealed, hardened, and 
tempered conditions, the last treatment being performed іп three 
successive stages. 


TABLE I, 


Analyses of Steels. 


| 
Mark. Carbon. ТТИ Silicon. 


| 


phorus. minium. 


Phos- | Alu- 


——— —— | ee 


Per Cent. | Per Cent., Per Cent. | Per Cent. | Per Cent. | Per Cent. | Per Cent. ; 
924 он 3°25 0'044 0'065 0'055 ооо | ооп 


922 0'218 3:24 0'050 0'07I 0'050 ool | — | 
923 0:270 2:92 0:027 0170 оо14 0018 — 


921 0:480 31I 0°060 0'075 0'030 ооо. — 


981 0:530 318 0:033 0'140 0035 07012 0013 
920 0:570 317 0:078 0'080 0`054 O'OIO — 
965 0`890 3708 0:039 0'093 0'040 0'012 | — 
964 1.070 3709 0'040 0055 07042 0012 0014 


PRODUCTION OF THE STEELS, 


For full details in this direction the reader is referred to the 
earlier paper (17), previously mentioned. The very considerable in- 
fluence of the mode of preparation of the specimen under examination, 
especially as regards the “work” put on the steel, demands a few 
remarks. 

'The bars used were prepared from perfectly sound crucible ingots 
13 x 1$ in. and 25 lbs. in weight. After a little cogging, the ingots 
were rolled down to $ in. round bars and reeled. With one exception, 
this preparation was identical throughout the series. The exception 
was steel No. 923, which was cast into 23 in. ingot and rolled to 1 in. 


* Fournal of the Iron and Steel Institute, No. 1., 1907. 
T The numbers refer to the Bibliography appended. 
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round. The actual amount of work on this steel did not differ greatly 
from the others. 


CHEMICAL ANALYSIS. 


Table I. gives the analyses of the steels used. 

It will be noted that the tungsten contents were very regular and in 
every case very nearly approximated 30 per cent. With the exception 
of thc carbon other clements were extremely low and regular. 


PREPARATION OF TIIE SPECIMENS. 


As previously noted, the stecls were examined in four distinct 
conditions, viz., annealed, normalised, hardened, and tempered. The 
tempering was done progressively, and three stages were examined. 

'The exact treatments were as follows, each treatment being carried 
out on a new set of bars taken from the rolled bars as received from 
the mill. It is of importance to note that the whole eight bars for 
each series were treated at one time. 

Annealing.—The bars were packed in bone ash in a gas muffle, 
along with the thermo-element of a pyrometer. Тһе bars were 
- 3 hours in reaching 950? C.; were kept between 930? and 960? for 
go minutes, and then cooled over about 8 hours in the muffle. 

Normalising.—The bars were heated very slowly up to 0502 C.; 
were kept about 950? C. for 15 minutes, and then removed from the 
muffle and cooled freely in the air. ‘The object of normalising is to 
recrystallise the material and obtain the structure free from possible 
crystalline distortion or self-hardening effects. 

Hardening.—This treatment was far more involved than the two 
former ones. A preliminary series of hardening tests were made, and, 
as a result of fracture appearances, the following treatment was decided 
upon : The bars were uniformly heated to 900° C. and were quenched 
in water, No. 924 at 810°, No. 920 at 780°, No. 964 at 740°, with other 
bars at intermediate temperatures according to the carbon content. 
The treatment was performed, of course, on the machined bars, and 
since the heating was carried out in the Brayshaw salt bath furnace, 
no difficulty owing to scaling or uneven hardening was encountered, 
although the bars were 10 in. in length. | 

Tempcring.—This requires subdivision into three stages :— 


(а) The hardened bars, after completion of their examination, 
were placed, without mutual contact, in an air bath, and 
kept between 60—75? C. for 14 hours. 

(b) The above bars were then heated for a further 13 hours at 
80-85? C. 

(c) The bars were then packed in asbestos and heated in an 
electric furnace for 60 minutes at 400? C. and cooled in air. 


All the bars were fully tempered by the latter treatment. 
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THE MAGNETIC PROPERTIES. 
APPARATUS AND METHODS EMPLOYED. 


The magnetic properties have been investigated by means of the 
Du Bois magnetic balance (8) supplied by Siemens and Halske. 

The instrument used was tested and standardised at the Physikalisch- 
Technische Reichsanstalt, Berlin, and was checked from time to time 
by means of a standard rod supplied. A diagram is given in Fig. 1. 
The principle of the instrument is, in brief, to measure the tractive 
force across a gap A of definite dimensions in the yoke of soft 
iron В, the latter completing the magnetic circuit of which the test- 
piece C forms part. 


-----------. 


| Е 


^ 


Fic. 1.—Diagram of Du Bois Balance. 


This is accomplished by supporting the loose upper half of the 
yoke eccentrically ; the position of adjustable sliding weights D, 4, 
when balance is obtained, gives a measure of the tractive force, and 
thence of the magnetic induction, of the specimen. 

The scale E reads directly in values of the induction B. The 
balance is extremely sensitive, especially with low magnetising forces, 
and even with the highest values one can estimate, with care, to, say, 
5o lines per square centimetre of induction. The apparatus was quite 
constant, and repeat determinations always confirmed previous ones 
very closely. 

The test bars were machined with spherical ends fitting into 
holders F with recesses of perfectly similar shape, in order to simplify 
the correction of the magnetising force H, necessitated by the 
reluctance of the soft iron yoke and the air-gaps. A curve, supplied 
with the instrument, gives the amount by which the observed B-H curve 
is to be sheared back to give the true values. his is reproduced in 
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Fig. 2. Itis of the greatest importance that the spherical ends of the 
bars should fit perfectly into the corresponding recesses in the balance 
jaws. The ends were tested by covering lightly with soot and carefully 
pressing into the recess. A good fitting end comes out quite clean. 

The test bars were 254 cm. total length and 0°798 cm. diameter 
equivalent to 0:5 square cm. area. 

The general arrangement of apparatus is shown in the diagram 
Fig. 3. 

The current was measured by Weston type ammeters, two instru- 
ments being used. The first ammeter A, read up to о15 ampere, and 


ороо 


Curve for Standard Ваг 
and Correction) Curve: 


this was then plugged out at P, and readings made on ammeter А,, 
reading up to 1°5 amperes. Thus the low values of H, of vital 
importance in the case of the softer steels, could be quite accurately 
determined. 

The magnetising coil of the instrument is so wound that H is 
numerically equal to the strength of the current in centi-amperes. The 
maximum current used was 1:5 amperes, equal to Н = 150 C.G.S. The 
current inthe balance was controlled by means of a specially constructed 
rheostat, V R, consisting of about 30 ft. of manganin wire wound on a 
wooden frame. By moving the adjustable contact, which was speciallv 
constructed so as to keep the contact continuous, the voltage could be 
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varied at will from the maximum of 12 volts to zero in the coil of the 
balance B. An ordinary commutator C completed the apparatus used. 

It was necessary for the balance to be demagnetised by reversals 
between each complete cycle, in order that the correction curve might 
be satisfactorily applied. 


ScHEME FOLLOWED. 


The ordinary B-H curve and full hysteresis loop with a maximum 
H = 150 C.G.S. was taken on each of the annealed, normal, and 


hardened bars. 


ШШШ 


В 
Fic. 3. 


The question of real permanent and sub-permanent magnetism was 
then considered as follows. Each bar was magnetised in a field of 150 
units, the current then reduced to zero, and the bar removed from the 
balance. It was then subjected to shocks by dropping from a height 
of about 30 in. on to a block of wood, until a constant value of 
B was reached. When this value for the real permanent magnetism 
. had been obtained, the specimen was demagnetised, and the coercive 
force which held the permanent magnetism thus obtained. 

The tempering experiments previously described were then carried 
out on four representative hardened bars, Nos. 922 H, 921 H, 920 H, 
and 965 H, and the same examination for magnetic properties made 
after each of the three treatments. 

The permanent magnetism of the annealed bars was too low to be 
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measured with accuracy with this apparatus, being, in most cases, only 
a few hundred lines of B. 

In certain cases, with hardened specimens, the bar, after magnetis- 
ing to full, and withdrawing the  magnetising ‚force, was then 
demagnetised to the intensity which had previously been found to be 
really permanent. Further shocks and tests then provided interesting 
figures concerning permanence, to be considered shortly. 

In addition to the study of the behaviour after a magnetisation 
under H-zr150 units, representative steels of each set were fully 
examined with a maximum Н of 25, 50, and 100 units respectively. 


EXPLANATION OF TERMS USED, 


It is very necessary in any such research as the present one that it 
should be made clear exactly what is meant by each term uscd іп рге- 
senting the results. A note on each of the terms is therefore included 
here. 

The Magnelising Force H.—The solenoid is so wound as to give 
I C.G.S. unit of H per centi-ampere current passing. This observed 
value is then corrected for the air-gaps in an otherwise continuous 
magnetic circuit, and for reluctance in the yoke of the instrument, 
as previously described. | 

The Maximum Induction Bmax. is given as the number of lines of 
magnetic force per square centimetre cross-section of the bar when 
H = i50. This value is perhaps somewhat higher than is necessary 
for magnetic saturation in the case of some softer specimens, but the 
same бриге, Н = 150, was adhered to throughout the series, for the 
sake of comparison. 

The Remanent Induction Brem.— When a magnetising force has been 
applied and then entirely withdrawn, a certain amount of remanent 
magnetism still exists in the bar. This value will be designated 
Brem., and may be defined as the value of B when H =o after 
previous magnetisation. 

The Coercive Force H, represents the value of a negative Н песев- 
sary entirely to destroy the remanent magnetism. Н, measures the 
force with which the remanent magnetism is held, and may be defined 
as the value of H when B =0 after previous magnetisation. 

The Permeability в is the ratio of the magnetism B induced in а 
bar to the magnetising force H, to which the induction is duc. 


B 
Thus ИТЕ. 


The Intensity of Magnelisalion 1 is defined as the magnetic moment 
per cubic centimetre of the bar, considering the bar to be uniformly 
magnetised. It has been calculated from the observed value B by 
B—H 


the fundamental formula І = The intensity, apart from being 


a truer expression of the magnetic properties of the metal under test, 
is of primary importance in considering many questions of practical 
and theoretical interest. 

VoL. 42. 42 
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The Remanent Intensity Те. has also been recorded. It was obtained 
directly thus— 

Be ei. 
| pe 

The calculated values of Imax. and I. will be explained later when 
considering these values. 

The Hysteresis Loss Е represents the energy loss per cubic centi- 
metre per cycle. Itis obtained by dividing the area enclosed by the 
curve.for a complete cycle by 4x. The area being taken as a product 
of B and H, as plotted, gives when so divided the energy loss in ergs. 

The Steinmetz Coefficient of Hysteresis n has been calculated from the 
formula— 


Ls: = 


E =з В'%. 


The True Permanence Value Р has been determined, and represents 
the ultimate magnetic value in units of induction of each bar, magnet- 
ised in a field Н = 150, and then knocked about until a constant value 
of Bis obtained. The permanence might also be stated in terms of 
the intensity. 


THE RESULTS OBTAINED. 


The results will now be described, and will be fully considered and 
discussed in order. 

A general summary of the magnetic observations is given in Table IT., 
giving Bmax, Bren, and Н, for Н = 150 in all cases, and in most cases for 
H — 25, 50, and 100 also. 

Data regarding permeability are grouped in Table III. Неге are 
given р, Imax, and Т, the latter also given as calculated values by 
formula given shortly. 

The hysteresis data is collected in Table IV., whilst determinations 
and calculations relating to permanence are given together in Table V. 


CONSIDERATION OF RESULTS. 


Before going fully into a discussion of the results obtained a few 
observations by earlier workers will be given for the sake of 
comparison. | 

These аге set out in Table VI., page 653. The results by Hopkinson 
(14) are by ballistic method using bar and yoke; by Mme. Curie (6) 
ballistic method using rings ; Barrett, Brown, and Hadfield (5) ballistic 
method, and Benedicks (4) the magnctometric method using bars. 

Considering the results now presented, the following observations 
may be made :— 

Maximum Induction.—From Table III., in which a summary of 
results is given, it will be seen that as the carbon per cent. increases, 
Bmax. decreases regularly in all six sets. Table III. column 4 gives Imas., 
and these results are also plotted against carbon content in Fig. 4. ‘The 
results arc in good agreement with tliose of previous workers where 
comparable. А reference to comparable carbon stcels will show that 


Digitized by Google 


1909. ] SERIES OF CARBON TUNGSTEN STEELS. 649 


Bmax. is practically unimpaired by the 3 per cent. of tungsten, even іп 
the quenched condition. The third tempered series, HT 3, is interest- 
ing in that the inductions are remarkably high. 

The fall in Imax, in quenched steels, as the carbon content rises, has 
been carefully examined by Benedicks (4), who obtained a tentative 
formula for carbon steels, thus— 


Ina, = 1,000 4/5723 — (ХС + 0:59? — 710 


. where > С = the sum of the C per cent. and the carbon equivalent of 
Mn per cent. 


Magnetic intensity 1 тах 


боо 

ec 7% ЖЕ БЕН ІК A ЖК ОБЕ ШИ AUI 
so SSS 
Si. МЫ ог сел көз m c MN БЕН БН 
иа ае ГІН О ПИ КШ 
РЕ 
ун БЕ я н Бк жеде ч Ж єз и Ии и ик 
eC 
О БЕН ЕЕ БЕ ЕЕ ЕН ЕН ШЕН ЕЕ Бы БА г ЖЕЕ (ШЕ 
ро БЕН ШЕК ТЕН ШК ЕК ИН БЕН ТЕК ІШЕ ЗВ 74 < НЕ 
лас ЖАП ЖЕ БЕ a Ші T 
“sae ЕН ЕН БЕ ЕН ЕН ЕНЕ ШЕ 
ко ШЕ ы И ME ШЕ UNE ШЙ! ЗИ 
үзе Ld 
“р БЕН БЕ ЕН БН БН ЕН ШЕ 
ITTTCII T PA 
БЕ ЕН ЕЕ ЕЕ ЕН БЕ ЕН БЕНИ И ШЕ ИР ШЕЕ} 


: Carbon per cent 
FIG. 4. 


Column s, Table III., gives values calculated to this formula, the 
upper figures for E C=C per cent. + 22 Mn per cent. + та» W per 
cent., and the lower for C and Mn only. The first values certainly 
fall nearer the actual, which would tend to show that the tungsten is 
in a state of solution in the iron. It is very possible, however, that 
several other factors are involved. 

It follows from the above formula, as Dr. Benedicks points out, 
“that carbon steel should be non-magnetic, if one could get 1°6 per 
cent. carbon to remain in the dissolved state, as hardening carbon." 
This is, in one sense, perfectly true, and is supported: by Dr. Guillet 
from microscopic rescarch, but the statement needs perhaps a little 
elucidation. 
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TABLE III. 


Data Regarding Magnetic Permeability. 
(Н = 150 C.G.S. units.) 


| Intensity. | Intensity Remanent. 
Permeability 
Steel Treatment 
Н = 150) | | 
N M 
| m xia u Actual. | I Actual. pues Irem. Actual, | Irem. vacu- 
t. 2 3. 4. | 5. 6. 7. 
A 127 1,508 -- | 730 830 
| N 126 Md ee 1 737 903 
A | H 112 1,320 || ae j| 90 941 
HT 3 139 1,532 = 1,124 1,043 
А 127 1,500 s 734 829 
| N 123 1,460 Ter 753 916 
922 1,330 | 
| Н 109 1,280 1 1423 | 873 020 
HT 3 125 1,475 — 1,052 1,010 
А а m — — — 
| N 122 1,440 | ho» 806 972 
923 H 107 | 1262 | 1303 U вы 903 
HT 3 123 | 1,460 — 1,052 1,026 
A 124 | 1475 — 761 930 
| N 118 | 1,406 е9 905 989 
921 Н 104 1,223 | Уз | 905 910 
НТ3 126 1,486 -- 1177 1,002 
А 124 1,473 — 833 929 
N 117 1,382 — 918 978 
981 H 103 1,220 | ee | 913 910 
HT 3 124 1,475 dus 1,127 1,055 
А 122 1,440 -- 945 920 
| N 116 I,372 ( -- 928 971 
920 | H 101 1,198 | 134b | 868 890 
| HT 3 124 1,471 P 1,175 1,050 
| A 117 1,380 — 965 910 
| М 112 1,324 4% 960 940 
965 | H 73 868 | 1,012 | 584 650 
HIs 123 1,459 -- 1,183 1,050 
А 106 1,258 -- 930 847 
| N 109 1,282 e 940 895 
904 H 59 63 |1 36 | 480 522 
HT 3 113 1,340 = 964 972 
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“ The dissolved state” for carbon in iron is a somewhat ambiguous 
term. An ordinary 1°6 per cent. carbon steel consists in its normal state 


TABLE IV. 
Hysteresis Data. 
| Hysteresi С mM 
Steel Mark ost E _ Е |ңшанН;, кт b 
Number. А xu Ergs. | Calculated. | = в... | а = 00088. Не (а + a) 
1. 2. 3. 4. 5. 8. 7. 
| : 32,190 23,070 enn 000339 2и 
924 30,300 33,070 "005 0°00497 0°0047 
H 105,680 102,400 | 0°01784 | 001704 001632 
А 32,100 23,410 | 0700458 | 000342 000328 
922 М 53,570 40,300 | 0700708 | о'ообо8 | — 000580 
Н 100,400 111,600 | 0701094 | 0'01920 0701840 
23 f N 61,120 62,220 | 0°00934 | 0'00950 0'00910 
9 ( Н 136,180 173,700 | 002560 | 003020 002800 
| А 47,350 40,130 | 0°00693 | 000599 | 0700572 
92I | М 82,380 115,400 | 001320 | 001435 0701370 
Н 161,240 193,300 | 093180 | 0°03460 003320 
| А 45,720 41,250 | 0:00673 | 0:00615 000580 
981 М 85.040 95,660 | 0701305 | 001521 001455 
| H 168,530 206,000 | 0°03340 | 003710 003550 
| А 47,690 42,630. | 0°00726 | 0`00651 0°00623 
| 920 М 88,270 99,910 | о01454 | 001600 | 0901550 
Н 164,860 212,800 | 0°03380 | 0'03810 0°03650 
В А 54,550 50,700 | 000887 | 0'00809 | 0700774 
965 М 92,520 93,220 | 0°01608 | 0°01530 0°01465 
H 155,120 204,200 | 0°05290 | 0°05170 0`04950 
| 
| A 57,570 54,860 | 0'01086 | о ообо 0700018 
| 2 
964 М 72,280 73,860 | 071320 | 0901265 0°01340 
| H 140,970 179,900 | 0706850 | 005700 005450 
| Н 164,860 212,800 | 003380 | 0°03810 003650 
! 920 НТІ 163,900 204.790 | 0703340 | 0030650 | 0703590 
| HT2 163,200 200,600 | 0703290 | 0'03740 0.03500 
| НТ3 105,610 111,300 | 001550 | 001640 | 001590 
| | H 109,490 111,600 | 001004 | 001020 001840 
33:1 НТІ 108,660 111,100 | 0701000 | 001880 0701800 
| 9 | HT2 108,000 110,400 | 001050 | 0701770 001790 
HT 3 44,880 77,310 | 0701150 0`01100 


| 0-00657 


of a eutectic body of Fe,C and iron (pearlite), with the excess Fe,C 
above о% per cent. C) present as a free constituent (cementite). If this 
steel be heated to an ordinary hardening temperature, say 750-800, 
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TABLE V. 


Data regarding Permanence. 


(Н = 150 C.G.S.) 


4952 9414 0719 1580 | — |2,479 1970 


9,550| 761 0512 05516 680 — 5 біз; 


11,350 | 905 0638 0043| 1630| -- |1,73011370 01530 2.070 


Ratio of | 
Remanence. Kemanent to | Coercive Force. uude ! per- 
Steel Treat- Induced. . e 'ananemt 
No ment B 
у fark —_ lem. сатады 
Bef Aft lated. 
B L| B Г. | Shocks. Shocks, | В | 1 Ы 

1 2 3 4. 5 | 6. 7. 8. 9 0 | 1 12. 
А | 9,150] 730047910484) 3°85] — | — | — | е” 

92414 N | 9250| 737} 0487/0495; 505 | SI | — | — |! — — 
Н |11,370| 906|0678 0:686! 1040 | 171 | 2,080] 166°0' 01834 | 2,460 
HT 3 14,100 | 1,124 0728 0'733| І2ІО -— I,410|112'3 o' 1000 1,320 | 

| 

А | 0,200 |е 734 | 0484 10-490 | 3909, — | —| – | — | — 

9224) М | 9,450 5 753 | 0'512 0'516| 6о| — | – | — | — | — 
Н |10,970 |> 873 |07074 ,0'682 21°80 | 209 | 2,490 | 199'0'0:2270' 2.810 | 

HT 3 | 13,200 |:1,052 | О700 07712, 13°10 — | 1,580 |1260 .0°1196, 1,400 
га Төрт кен кезек кен меу кек ТН 

923 № | 10,100 806 | 0'555 |0550! 10°80 | — | 980| 642 00970! 727 
Н | 11,090] 884 0692 0700) 3440 | 342 | 4,610 | 367°4 0°4155 5,200 

HT 3 | 13,200 0'1870: 2,050 


A 
921 N 

Н [11,350] 905/0733 0740, 39°50 | 394 7,070 |0120 00750 0,500. 

| HT 3 | 14,770 | 1,177 i gc 18:50 -- |2,870|2285 01943! 2,970 
| 
| А 110,450] 8430501 '0:560| 7°00 -- -- — | — - | 
981 - М | 11,500! 918,0:657 0064! 17°30 — — e on — ' 
| Н / 11,440! 913 070107481 42°20 | 422 | 7,390 |5800 06445 6,540 | 
HT 3| 14,180 x is PU 20°00 — | 3,390|271°0 02390 3,210, 

( А |11850| 945 00650|00656) 740 — жи — 
920 4 № | 11,630! 028 0:671 0:677 | 1820 | 172 | 2,510} 2000” 0721060 2,280 
| Н |10,870| 868 0719/0725! 4340 | 420 |7,000 |5580 006450 6,710 

| HT 3 | 14,750 | 1,175 | 0794 0800. 1800| — | 2,690 | 214°5 101824. 3,070 

А |12100; 065 |0602 !06001 020 -- -- -- о = 
965 | М |12,020| 960 071610723! 17:40 | 148 |1,500 | 119°5|0°1250 2,200 
| Н | 7,330) 584 0:663 0674| 5880 | 592 |6,490 | 5178! 0:8850 6,410 
НТ 3 | 14,850 ae 0811, 2170 — | 3,910; 311°5|0°2630 3,780 

(i А |r1640 930 0732/0739 | 1090 — — | — — — 

96 М |11,800)| 040 072510733! 1440 -- 11,250) 007101060 1.500 
4 Н 6,020| 480 0082 0693 | 64:90 | 661 | 5,700 |4540 09470! 5.890 
HT 3/ 12,080] 964 0712|0720, 2650 — | 4,690 | 365`0 | 0°3880 | 4,000 


— 


| 
| 
| 
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the eutectic ground mass is transformed into a solid solution of Fe,C in 
iron (hardenite or martensite) whilst the excess Fe,C is only slightly 
disturbed. It is this hardenite, preserved in quenched steels, which 


TABLE VI. 


Some Earlier Results. 
as SS SSS 
Analysis. Magnetic Properties. 


Source and Treatment. элк бле “ас ‚зз ҰҒЫ 
С. Mn. W. I 


Per Per Per 

Cent. | Cent. | Cent. 
Hopkinson, annealed ... ... | 1°36 | 0:040] 4:65 | 1,295 8840 |15:30| 80,315 
» oil hardened ... | оз! 0°620 3:44 | 1,154 | 6890 | 47°10] 216,864 
A “very hard” ... | 0-85 | 0:310: 2°35 908 54420 ! 51:20 | 107,060 
Curie, quenched, 1,0009 С. ... | ооб | o'130. nil | 1,500 | 0250 | 3:20| 28,000 


^ са 850 С. ... | 0-20 | опо ,, 1,590 7700 | 740 | 68,000 
» ” 800" C. ... | о40 | 0240, 1.52 8350 1030 | 108,000 
е Е 800 C. ... | озі | 0240)  , 1,230 | 6050 “5200 170,000 


8009 С г21 | ө210.:,, |1,200| 0450 | 53°00 | 182,000 


$ “Allevard,” not quenched 059 | 0:320: 552 | 1,515 | 9000 | 26:00 | 115,000 

i „ quenched, 800°C. | 0:59 | 0:320) 5:52 | 1,240 8300 73700 | 280,000 

»  "Assoily," ,, 800°C. ! 0:70 | 0440] 272 ‚ 1,240 28000 : 69'00 | 260,С00 

Barrett, Brown, and ) "3956.1 36 760 
) 


” " 0°58 ооо i 1,240 8260 | 256. 22,200 
i Т гоо | 0°320'  , 1,112 | 7160, 643 | 32,750 
0140, 1,112 7200; 643 33.330 
022 | 0180 1°20 | 1,320 5080 | 323 14,590 
028 | 0'280 340 | 1,505 998'0 | 573 25,530 
038 | 0200 747 | 1,266 | 1,08г0! 002 49,000 
076 | 0280 1505 20 7060 ‚ 1392 45,320 
0130 nil | 1,473 14'4* го 8,300 
» " 0'55 | 0440 , | 1,390 955 | 600 37,800 
» " оо /O410 „ | 1,349 | 7360 990 47,500 
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Hadfield... `.. j 211416 | 003 | 0036 nil | 1,335; 7780 


5 i 135 | 0540  , 1,205 1710 ! I230 57,000 
” js 170 | 02090, 1,145 2130 | 830! 40,600 
Ж quenched | 0°08 | 07130, ,, 1,475 13:6 | 190 11,600 
n » 055 | 0440 „ 11,248 | 4210 | 34°90 115,000 
” ” о90 | 0410] , 1,020 3800 |34790: 115,200 
” » 1°07 | == ” 852 32ГО | 48°40 | 100,200 
” ” ГІ4 ere » 


762 | 2800 о 93,900 


* Benedicks’ Irem. figures are magnetometric observations, and аге not reduced to 
ап absolute value. The value of Hmax. for Hopkinson is 240 C.G.S. ; for Curie 500; 
for Barrett, Brown, and Hadheld, 45; and for Benedicks, 206 units. 


is by far the most permanent (magnetically), possibly the only real 
‘permanent, constituent of steel. A fairly good magnet would there- 
fore be expected, and this is actually confirmed by Mme. Curie, 
where a steel C 1°61 per cent., quenched at 750° has, in the state of a 
bar, Ij, = 370 with a coercive force of 46 units. 

If now the steel were heated to, say, 1,1009 for a considerable time, 
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the whole of the carbide Fe,C would pass into solid solution. Quenched 
from this temperature, practically all the carbon would be preserved 
in solution, but two constituents would result—martensite and aus- 
tenite ; the difference between these latter two constituents has been 
attributed to the iron being maintained in two different allotropic 
modifications. It is this austenite, or solution of carbide іп y iron, 
which is said to be non-magnetic, and it is to such that Dr. Benedicks 
refers. But austenite is never mel with in properly hardened stecls, and 
hence the apparent nil in magnetic intensity for steel with 1°6 per 
cent. C in the dissolved condition cannot be correct when the steel is 
properly hardened. 

Remanent Magnetism.—The remanent intensity is reported in 
column6, The values are considerably higher than for quenched carbon 
stecls of similar carbon content. The remanence is a resultant of the 
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total induced magnetism and the coercive force, and need not be 
dwelt upon here. Benedicks has given a formula, in analogy to the 
earlier one by Gumlich and Schmidt— 


( La PS 
пах. н. 


г of the form— 


LusH 
Rem € max, с 
ы a+ B Н, 
Fig. 5 shows а = oe plotted against H,, and confirms Benedicks’ 
: Б. | 


original observation that а can be expressed by a linear equation— 
=a + ВН. 
where а and В are constants, with values in this case— 


a=2, 8 = 133. 
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Values calculated by this means, given in column 7, compare well with 
the observed. 

Coercive Force.—This is, of course, one of the most vital factors 
governing the magnetic value, and is plotted against C per cent. in 
Fig. 6. Note should first be made that, in the case of the milder steels, 
the H, is not greatly improved by 3 per cent. tungsten. This has also 
been observed by Hadfield, and is of importance from a theoretical 
standpoint. The effectiveness of the tungsten depends very largely on 
the treatment. With steels in the lightly annealed condition, the coercive 
force of tungsten steels 15 almost identical with that of comparable carbon 
steels. In the normalised state,* again the tungsten has no marked 
effect. When hardened, however, the effect is made manifest, the H, 


5 


being very considerably higher than that of carbou steels. It would 
appear that quenching increases the H,, even with low carbon, although 
the lowest carbon in this series is certainly appreciable (0'14 рег cent.). 
The tempering up to HT 2 has had bat slight influence—rather less, 
perhaps, than one would expect from carbon steels—but the tempering 
at 400? has decidedly softened the steels. Тһе Н, has been reduced 
to almost the normal value, but an interesting point is that the gradual 
rise in H, with the carbon content shown in quenched bars is preserved 
in the tempered. 

The normalised set show a distinct maximum about 0°5 to 0°6 per 
cent. C, but the annealed again show a gradual increase. 

Although steels of varying tungsten content are rather beyond the 
province of this paper, a note on the higher tungsten steels may 


* None of the steels of this series are appreciably “ self-hasdening." 
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be included here. According to Mme. Curie (6), tungsten increases 
the Н, irrespective of carbon content. The steels are divided 
into two classes : (1) 3 per cent. W, r'1 per cent. С, and (2) 5°5 per cent. 
W, об per cent. С. The former class has H, about 70, I, = 520; 
whilst the second gives Н, about 72, with I, 560. The two аге 
almost identical. 

The usual magnet steel, as is well known, is of the latter class ; the 
following analysis by Harbord (11), may be given as typical :— 


С o62 per cent, W 5'7 per cent, Si ооо per cent., Mn 0°55 
per cent.  Barrett,* and others, however, advise the absence of 
manganese. 

It is clear that class (1) above is much cheaper in production 
than (2. The author must admit, however, that the figures quoted 
above have not been reached by the 3 per cent. W steels in this 
work. In any case the real permanence is found to be at a maximum 
with about 05 per cent. C, it being a resultant effect of Н, on the 
remanence. Molybdenum steels will, no doubt, compete with tungsten 


* Discussion on Hadfield (10). 
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steels as permanent magnets, so far as one can judge from the scanty 
data available. 

Hysteresis.—The hysteresis loops are plotted in sets of three, in 
Figs. 7 to ІІ. Table IV. gives a summary of data, and the hysteresis 
loss per cycle is plotted against carbon content іп Fig. 12. The value 
of E is certainly more of theoretical than practical interest in a 
permanent magnet, but some matters of interest have arisen. 

As was the case with the other properties, the annealed bars give 
hysteresis losses, only slightly removed from those of carbon steels. 


ian 


С 0-48*6, W 511%. 
ен —. Annealed 

CUR - Normalised 
Hardened 


The normalised bars are certainly somewhat higher, whilst the hardened 
bars give values very distinctly above the carbon steel values. 
Benedicks (4) has shown a maximum in E at about r4. per cent. C in 
annealed, 1:2 per cent. С in hammered, and о” to о'8 per cent. С in 
the hardened bars. Fig. 12 shows in these tungsten steels, for 
annealed bars a steady slight increase with carbon ; for normalised bars 
a maximum about 0°75 per cent. carbon; and for hardened bars a 
decisive maximum about o'5 per cent. carbon. 


E . 
Although E shows a maximum, the Steinmetz factor Я = gra 15 


quite regular except for steel 964 N, as seen from Table IV., column 5. 
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Several proposed formulz for calculating E and у have been 
examined. Hopkinson (14) proposed Е = DR MUS oon inducnon and this 
7 
is modified by Ewing to Е = 4 x Н, х Imax. approximately. Values for 
E thus calculated appear in column 4, and, with a few exceptions, those 
up to 100,000 ergs agree well with the observed. The higher values 
are, however, not in good agreement. 


% М 5-17%. 
Annealed 
Normalised 
Hardened 
50 40 30 20 10 о 0 20 30 40 50 бо 70 80 90 100 150 
FIG. 9. 


Dr. Benedicks has admirably examined and extended Steinmetz’s (16) 


observation regarding m This ratio is: shown to be constant with 


constant Ha, Fig. 13 shows у plotted against Н, for the present 
series of steels. The agreement is good, and a linear equation 


n = 0'0088 Н.. 
The calculated п values are included in column 6, with splendid 
agreement. 
Benedicks, however, went a step further, and from a large amount 


of collected data found a proportionality between B and Hia. 
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Plotting Я as ordinates, and Н, as abscissz, a hyperbolic curve 
results, giving a formula— 

N cat 2 

Н, Н max. 
in which, tentatively, a = 0`00067, b = о0257. The exact formula could 
not be defined, but for Нил. > 50 C.G.S. the results agree very well. 
It will be seen that the present work entirely confirms this so far as 
Нам. = 150 is concerned. The factor for Н, should be theoretically 
0°0084, and is found practically to be о'0088. Further, results calculated 
to n —0'0088 Н, are given in column 7, to good effect. 
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It is interesting to note that special nickel and manganese steels 
and pig-iron do not apparently agree well in this calculated value. 


Permanence.—This property has been carefully examined regarding 
both remanence and permanence. 

The relation of the remanent magnetism to that induced has been 
exhaustively examined by; Ewing (9) in his classic paper to the Royal 


rein. 


Society, 1885. For soft-iron wire i gains a maximum with a fairly 


low H, and later becomes practically constant—reaching 093 in 
annealed iron. Vibrations during magnetisation increase I, but the 
excess is very loosely held. 


Steinmetz factor 
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Arnold (2) attacked the question of permanency with characteristic 
vigour. It is to be regretted that the results are given only in magneto- 
metric readings, rendering direct comparison with other values very 
difficult. In order to remove the “sub-permanecnt” magnetism, the 
bars after being magnetised were each dropped 5o times from a height 
of 30 in. on to wood; 24 hours later the permanent magnetism was 
measured. 

The following important observation was made: “ Іп iron contain- 
ing от per cent. to o'9 per cent. carbon (quenched) the permanent 
magnetism is directly proportional to the sub-carbide of iron present." 
In other words, hardenite alone holds permanent magnctism. 

Mme. Curie (6) made this subject onc of the chief subjects of her 
much-quoted paper. The work of Barus and Strouhal (3) and of Du Bois 
and E. Taylor Jones (18) on the effect of mild tempering and partially 


50 о 
Coercive force 


FIG. 13. 


| 


demagnetising on the permanence is therein followed up. Shock 
tests are also included. 

The remanence was measured about two minutes after magnetising 
the bar to saturation and between the falls. In general the loss by 
shocks is less, as the coercive force is greater. Mme. Curie concludes : 
* However, the intensity also has an influence, and with H, equal, the 
loss per cent. by shocks appears to be greater as I is greater." The 
coercive force is seen to be unaltered by shocks, and an interesting 
observation is that, in general, the most permanent magnet requires 
the least number of shocks to bring down to the permanent value. 

If the bar be demagncetised to the previously determined per- 
manence, shocks have no further effect. If partially demagnetised 
towards this value, shocks only bring down to the former permanence. 
Again, if demagnetised to beyond the permanence, the tendency is to 
recover with time, 
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Turning now to the results obtained on these tungsten steels, 
Table V. gives a summary of the work on permanence. The ordinary 
remanence is given in columns 3 and 4, and columns 5 (and 6) repre- 
sent the ratio of remanent to induced B (and I). 

For annealed and normal bars this ratio increases steadily with 
carbon content, but with the hardened steels a maximum value, 0:748, 
is found with about 0°53 per cent. carbon. The tempered bars give 
a uniformly high value, increasing steadily up to o'9 per cent. carbon, 
but the ro7 per cent. C steel is somewhat lower. Since this ratio is 
only really a secondary one, dependent оп Ima. and H, the results may 


be left here. 


з со — | 
y? + 


бат 


Example of loss of magne 
hy shocks. 


50 40 30 20 10 0 20 зо 40 SO 100 150 
FIG. 14. 


The bars were fully examined for permanence. The scheme 
followed has been described on page 646. 

Columns 7 and 8, Table V., give the coercive force before and 
after shocks. It will be seen that, in corroboration of Curie, the two 
are identical, except, perhaps, for very low values of permanence. This 
fact is illustrated graphically in Fig. 14. The permanent В (and I) 
after shocks are shown in columns g (and 10), and the latter is plotted 
against carbon content in Fig. 15. The annealed steels gave per- 
manence values too low for accurate reading. 

The normalised steels show a marked maximum, about 0*6 per cent. 
carbon, and the hardened steels present a decisive maximum value, about 
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0:45 per cent. carbon, notwithstanding that the coercive force increases 
regularly (cf. Fig. 6). The tempered bars give values much lower 
than hardened, and, it will be noted, show no maximum point within 
the range examined. 

Although the hardened steels show a maximum іп permanent 
intensity, the ratio of permanent to remanent increases regularly 
with carbon (and coercive force), as would be expected. This led 
naturally to a consideration of the factors governing the permanence 


(P), and in Fig. 16 we have the ratio Í permanent plotted against H,. The 


remanent 

result was very gratifying, giving, as will be seen, a straight-line curve. 

Note should be taken that the points are observed ones. It is 
perhaps difficult to imagine that any steel with a coercive force below 
6'5 should have no permanence. This may not be the actual fact. 
The true curve may possibly be of other form and pass through the 
origin. However, with steels having H, « 10 the permanence was so 
difficult to obtain and the value so low that it could not be given with 
any certainty. Interesting confirmation on the point, however, comes 
from Curie's paper, where this investigator states that for steels up to 
оғ2 per cent. carbon, quenched (i.e, up to Н, = 11), the loss by shocks 
was so great that a real constant permanence could not be obtained. 
The curve on Fig. 15, expressed as a lincar equation, gives— 


P 
or in the more useful form— 


р- (Н: 4) р 
a 


Where а and b are constants— 


a= 5977. 
b= 65. 


Column 12, Table V., gives values of permanent B calculated in this way. 

The similarity between the curves for permanence (Fig. 15) and the 
hysteresis loss (Fig. 12) is interesting, but not unexpected, since, as 
has been shown, both are dependent primarily on Imax, and He 

The Influence of Tempering on Hardened Magnets.—This has been 
exhaustively researched by Barus and Strouhal (3), and, later, by Mme. 
Curie (6). Heating for a prolonged period about 60—70? C. is generally 
advised for making a magnet permanent. In this way one gets down 
to the practically permanent value. Curie has shown that 24 hours at 
60—70? C., after magnetising to saturation, does not lower the Н, more 
than 3 per cent. ; whilst after treatment at 100° the loss is 12-13 per 
cent., and loss to 1... about 6 per cent. Barus апа Strouhal advise as 
follows :— 

Heat the bar, say, 24 hours at 60-709, magnetise, and re-heat 
whilst magnetised, thus feebly demagnetising the bar. 
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Mme. Curie prefers to demagnetise to the extent of onc-tenth the 
remanence, in place of the second tempering, although this latter treat- 
ment іп addition can do no harm. In the experiments carried out, a 
magnet prepared in such a way has a definite temperature cocfficient. 

Osmond (15) advises : (1) Heat to just below the critical temperature 
after forging, (2) machine, (3) queuch from just above the critical 
temperature, and (4) temper at 100°. 

Experiments concerning tempering and partial demagnetising have 
been included in this research. The results plotted in Table VII. 
are from tempered bars remagnetised and examined by shock tests. 
It will be scen that the permanence is reduced some 10-15 per cent. by 
the combined tempering. Several demagnetising experiments were 


TABLE VII. 


Permanence Tests on Tempered Bars. 


-- — -------- 


ste, | Mark, | Temper | броне | Permanence Cope. 
4% ( | НТт 11,150 2:4 3,320 (?) 2,780 
9 і НТ? 11,100 21°3 1,820 2,760 
T | HT 1 11,460 322 6,600 6,280 
9 HT2 11,570 397 5,770 6,220 
56 НТІ 10,010 427 7550 6,620 
9 HT 2 10,830 416 6,730 6,380 
96 | HT r. 7,310 98:6 7,190 6,390 
5 НТ 2 7,290 5770 6,270 6,160 


made, of which the following are typical : Steel о20 H, after magnetis- 
ing in a field Н = 150, gave Brem. = 10,870, and P = 7,000 with Н, = 4279. 
Demagnetised in a field of 34°5 units (after remagnetising to full), 
Brem. = 6,590 and P = 6,810; Н.=43'1. Again magnetised to full, and 
demagnetised to B, = 6,365, and after shocks P = 7,080. 

Similarly with steel 965 Н. After magnetising Beem. == 7,330, P= 6,490, 
and Н.= 59'2. Demagnetised in a field Н = 28:5, Brem, = 5,650 ; after 
shocks P = 6,660 and Н, = 59:6. 

It will be seen that the definite value for the permanence is obtained 
in every case, and that the cocrcive force is uninfluenced by these 
demagnetisations. 

From the foregoing it would аррсаг that there is apparently a 
definite constant value of intensity for every magnet, and the different 
treatments advised are just those considered casiest and surest methods 
of getting this value. 

Tempering is useful in relieving stresses, both physical and magnetic, 
caused by quenching. Demagnetising to the extent of one-tenth of 
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the then remanent magnetism, removes the sub-permanent, but probably 
exceeds the demagnetisation which is strictly necessary in many cases. 

Osmond's advice is good from a metallurgical point of view. АП 
forgings should be re-heated (or even recrystallised by “ normalising ") 
in order to relieve forging stresses—cven though the piece may be 
re-heated again afterwards for hardening. This would probably 
render unnecessary much of the second tempering advised by Barus 
and Strouhal. 


CORRELATION BETWEEN MAGNETIC AND OTHER PROPERTIES, 


Quenching Temperature.—In the first place, a few words might be 
said regarding the influence of the quenching temperature on the 
properties of hardened magnets. Dr. Holborn (13), Mme. Curie, and 
others have written emphasising the importance of quenching at the 
correct temperature. It is quite certain that this must be of at 
least equal importance to the qualities of a magnet, as to the hard- 
ness and strength of a tool. In the case of steels containing 0'9 per 
cent. carbon and above, the quenching temperature should be in the 
neighbourhood of, say, 730-740" C. Before quenching, however, the 
steel should have been heated somewhat higher. In а steel r'r to 12 
per cent. carbon, about 850-900? would serve well; by this means the 
excess cementite is at least changed from the form of dangerous cell 
wall membranes to harmless specks. This is illustrated in photo-micro- 
graphs 13 and 15 (Plate ІУ.). 

With lower carbon content than o'g per cent., higher quenching 
temperature as the carbon content falls tends to give a more uniform 
structure, and, as shown by Curie, a 0'5 per cent. C steel gave best 
results quenched from 900°, and 0°06 per cent. C steel when quenched 
from 1,000°. 

An examination of the fracture of a few trial quenchings constitutes 
a reliable guide in this direction. 

Hardness.—The statement so often made, that a steel which is 
physically hard is also “ magnetically hard” (i.e., high Н, and Trem), is in 
certain circumstances broadly correct. A reference to the previous 
mechanical tests on these 3 per cent. tungsten steels(17) will show that 
normalised bars become progressively brittle under dynamic test as 
the carbon rises. This may be compared to the coercive force results. 
Static tests (tensile, crushing, and bending), however, all show a maxi- 
mum hardness or “stiffness” about 0% per cent. carbon. The very 
real difficulty concerning the different kinds of hardness (brittle, 
abrasive, stiff, etc.), renders a comparison with magnetic terms almost 
impossible. 

In any case, exceptions to the general rule are very plentiful now 
that special steels are so much in evidence. Hadfield's manganese 
steel, for example, one of the hardest (abrasive) substances known, is 
almost non-magnetic. | 

Factors governing the Magnetic Properties.— This subject has, of 
course, been made the subject of much work and thought. In the 
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case of very “soft” materials—silicon and aluminium alloys—it has 
been suggested by Barrett, Brown, and Hadfield that the action may 
be both chemical and physical. The added element should remove 
oxide of iron and give.a sounder steel. In this connection Dr. Hicks (12), 
working in conjunction with Professor Arnold, questioned this explana- 
tion of the magnetic influence of silicon. Work carried out in 1895 had 
shown that it was just those elements (Al, P, As and Si) which increased 
the size of the crystals of iron, which also increased the permeability 
and lessened the hysteresis loss. Many points are in favour of the latter 
explanation—annealing increases the size of crystals, quenching lessens, 

Both theories have claimed considerable support. Dr. Arnold (1) 
worked out the influence of about 14 per cent. of foreign elements 
on almost pure iron, and from microsections of the rolled bars 
the following conclusions may be drawn: Phosphorus produced 
extremely large crystals; silicon, crystals about 10 times normal ; 
aluminium, about 8 times normal; and arsenic about 3 times as large. 
Nickel, chromium, and tungsten were about equally effective, and 
lessened the crystals to about 1 normal. 

This point has been investigated somewhat further with regard to 
tungsten steels. Microscctions of all the steels in the cast, rolled, 
normalised, annealed, hardened, and tempered conditions have been 
examined. The etching medium was 2 per cent. nitric acid in alcohol. 
The magnifications are uniform throughout at 150 diameters (except 
920 H), and are reproduced full size. 

On Plate I. we have examples of the “ fining” influence of tungsten. 
Nos. 1 and 2 are steels of similar carbon, with and without tungsten, 
as cast. Nos. 3 and 4 show the same pair of steels after rolling. 

Figures are given representing respectively a mild, medium, and 
hard steel in the conditions in which they have been examined 
magnetically. | 

Plate II. illustrates the seriesfor steel g24. The annealing has given 
comparatively large crystals, and even normalising has increased the 
crystals somewhat. The white constituent is free iron (ferrite), and the 
dark onc the eutectic of Fe,C and iron. The quenched section shows 
much smaller crystals, and also the ferrite and hardenite have not 
completely segregated—giving the appearance of a higher carbon 
steel. Tempering has changed the hardenite (martensite) into troostite 
and sorbite, i.e. the solid solution of Fe,C in iron (martensite) has 
been decomposed, giving ultra-microscopically fine particles of Fe,C 
separated and iron (troostite). Тһе relative crystalline structure is 
unaltered. 

Plate III. gives the 920 series. Annealing has given a well-separated 
structure of pearlite and ferrite. Normalising has recrystallised the 
steel, but the structure is very fine. 920 hardened* shows a ground of 
hardenite with some Нес ferrite crystals remaining. The tempered 
section shows almost uniform troostite, with a little free ferrite. 


* Unfortunately this photomicrograph is at 300 diameters, and this fact must be 
borne in mind, in making any comparison. 
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Plate IV. illustrates steel 964. The annealed section (not given) 
showed a mass of laminated pearlite with a little excess cementite. 

No. 14 gives the normalised structure, which is similar to the 
annealed, but finer. 

Nos. 15 and 16 show respectively the hardened and tempered. The 
former consists of hardenite plus a little free cementite, and the latter 
shows the hardenite transformed to troostite (and sorbite). 

One of the most interesting points is that concerning the tempered 
bars. The magnetic tests showed a tremendous increase іп рег- 
meability caused by tempering. Yet the crystalline structure ts practt- 
cally unaltered. The constitution within the crystals is entirely 
changed, and this must be mainly responsible for the increase in 
permeability (and decrease in coercive force). 

It is unfortunately hard to say at present in what condition the 
tungsten exists in the different states (annealed, hardened, etc.), but it 
is hoped that this will speedily be cleared up, and valuable data will be 
then available for considering whether tungsten plays any other róle 
than fining the crystals. 

It must be remembered that the annealed bars were not strong 
magnets, even with high carbon, and one is forced to the conclusion 
that, at any rate in this case, the size of crystals is only of secondary 
importance. 

Arnold showed, іп the case of carbon stecls, that hardenile—a con- 
slituent-—was the governing factor of permanence. Whether the 
tungsten acts through forming an alloy with the iron or by action 
through the carbon is not quite clear. The latter view is favoured by 
Hadfield. 

It may be that the permanence is governed by constitulion and 
permeability by crystallisation, but many facts point to the latter being 
of secondary consideration in both cases. 

In conclusion, the author would express his sincere thanks to the 
following gentlemen : to Professor Arnold, D.Met., and the able staff 
of the University of Sheffield, Metallurgical Department, for the many 
facilities generously afforded during the manufacture and preparation 
of the specimens ; to Dr. Ing. J. O. Roos and Dr. Ing. A. F. Enstróm, 
of the Testing Institute of the Royal University of Stockholm, for the 
splendid facilities placed at the author's disposal for the magnetic tests, 
and also for the interest taken in the work ; to Dr. Carl Benedicks, 
Upsala, for much kindly and invaluable counsel; and finally to 
Mr. J. Harrison, engineer to the Metallurgical Department, Shefheld 
University, for the skilful machining of the bars used. 


SUMMARY. 


This work is a continuation of an investigation of the properties of 
a series of constant-tungsten increasing-carbon steels. Full details as 
to manufacture, analysis, and treatment of specimens are available. 

The eight steels, with tungsten constant about 3 per cent., and 
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No. І. —C 0°22 per cent., W 3:24 No. 2. —C 0722 per cent., W nil. 
per cent. As cast. Large structure, ferrite and pearlite. 


Ascast. Fine structure, ferrite (light) 
and pearlite (dark). 


No. 3.—Steel as No. I. No, 4.—Steel as No. 2. 
Rolled. Ferrite and pearlite. Rolled. Ferrite and pearlite. 


(All magnified 150 diameters.) 


PLATE I.—Influence of Tungsten on Size of Crystals. 
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No. 5.—-Annealed. No. 6.—Normalised. 
Ferrite and pearlite. Ferrite and pearlite. . 


No. 7.—Hardened. Хо. 8. —Tempered. 
Martensite and ferrite. Troostite and ferrite. 


(All x 150.) 
PLATE. П.— Зее! 924, C 0144 per cent, W 3:25 per cent. 
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No. 9.—Annealed. No. 10.—Normalised. 
Ferrite and pearlite. Ferrite and pearlite. 
(x 150.) (х 150.) 


NO, II. —Hardened. No. I2.— Tempered. 
Hardenite and ferrite. Troostite and little ferrite. 
(x 300.) (x 150.) 


PLATE I1], —Steel 920, C 0:57 per cent, W 3°17 per cent, 
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No. 13.—Rolled. NO. 14.—Normalised. 


Ground pearlite, membranes cementite. Pearlite and cementite. Sorbitic spots. 


No. 15.— Hardened. No. 16.—Tempered. 


Hardenite, with little cementite. Troostite and sorbite. Specks of cementite. 
(All x 150.) 


PLATE IV.— Steel 964, С 1:07 per cent, W 3°09 per cent. 
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carbon increasing from o'14 to Гоу per cent. have been examined 
in the annealed, normalised, hardened, and three tempered conditions. 

A Du Bois balance was used for the magnetic testing, and full 
hysteresis loop with Н = 150 C.G.S., was taken. The remanence апа 
coercive force were also taken in most cases for H —25, 50, and 
IOO units. After explaining the terms used, the results are given 
grouped under the four heads—Summary of Results, Permeability 
Data, Hysteresis Data, Permanence Data. 

After giving relevant results of past workers, the results are fully 
considercd in the following manner :— 


I. Maximum Induction.—General consideration concerning com- 
position, and Benedicks' formula for Imax. dependent on & C, is 
discussed. 

2. Remanent Magnelism.—Benedicks’ tentative formula for Ij is 
shown to hold well with constants а = 2, В = 173. у 

3. Coercive Force.—It is shown that the Н“ for annealed tungsten 
steels is no higher than for carbon steels, but when hardened 
the influence of tungsten is very considerable. 

4. Hysteresis. —The values for hysteresis loss are compared within 
the series, and also with carbon steels. Ewing's formula for 
E is shown to be good for values up to 100,000 ergs. 
Following Benedicks, ғ is shown to be constant with 

с 
constant Hamas. i 

5. Permanence.—This branch of the subject is fully considered. 
After some notes on earlier work, the results obtained by 
dropping the magnetised bars until a constant value of I was 
reached, are discussed. A decisive maximum is found in the 
hardened series at about 0:52 per cent. carbon, notwithstand- 
ing that the coercive force rises regularly. The value 
T permanent, plotted against H, gives a straight line and a tentative 


remanent 
formula is given for calculating the permanence from 
Trem, and H.. 


The tempering of hardened magnets is discussed, and it is shown 
that apparently a definite value of intensity exists for every magnet 
depending on Imax. and H.. 

The correlation between magnetic and other properties is finally 
discussed. The importance of correct quenching temperature is 
mentioned, and some notes regarding the magnetic and physical hard- 
ness are included. The two theories regarding the action of impurities 
on iron—chemical and physical—are considered fully. The opinion is 
given that the effect of the added element on the constitution is of 
greater importance than its effect on the size of the crystals, although 
the latter effect may be of some importance. 
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DISCUSSION. 


Professor А, MCWILLIAM: I do not quite understand the author's 
attitude with regard to the statement at the bottom of page 649, “ that 
carbon steel would be non-magnetic if one could get 1°6 per cent. 
carbon to remain in the dissolved state as hardening carbon.” I take 
this to mean that if one had a purely austenitic steel it would be 
absolutely non-magnetic. I have heard tales about that non-magnetic 
steel, and I should like to know if the author himself has any reason 
to believe that a stecl would be non-magnetic under those circum- 
stances if it were free from hair cracks. As he says on page 654, 
“austenite is never met with in properly hardencd steels, and hence 
the apparent nil in magnetic intensity for steel with 1°6 per cent. 
carbon in the dissolved condition cannot be correct when the steel is 
properly hardened,” but I should like to know whether in his experi- 
ments he has met with a hardened carbon stcel or a hardened carbon- 
tungsten steel without any water cracks, which has proved to be 
non-magnetic. e 

A point that has always puzzled me is, why it is that a 0*6 per cent. 
carbon steel or any steel well under оо per cent. carbon or its 
equivalent makes the best permanent magnet. There scems little 
doubt that this is about the percentage of carbon preferred by most 
users of magnet steel, but perhaps the author could make it clear 
to the lay mind why it is preferable. I am aware that I am not speak- 
ing to a lay audience, but for the sake of those metallurgists who 
will be reading the paper with interest, it would be of value to have 
this point made clear, if possible. The author states on page 662 
that the hardened steels present a decisive maximum value at about 
0'45 per cent. carbon, notwithstanding that the coercive force increases 
regularly. I do not know whether this is due to the companionship 
of the ferrite acting towards the hard constituent like the soft iron 
keeper on a horse-shoe magnet, but perhaps he will explain. It is very 
interesting to see that the quenching temperatures from the magnetic 
point of view are similar to the ordinary temperatures for tool 
steel—i.e., if you have a certain percentage of cementite present it is 
necessary to heat to a temperature that will break up the cell walls of 
cementite after the manner shown in our own paper on “ Diffusion of 
Carbon in [гоп.”* It is stated that the appearance of the fracture is a 
good guide to correct hardening for magnetic purposes, but I think 
it would be worth while to give a description of the fractures found, 
with an indication of the appearance associated with the quenching 
temperatures that give the best results. 

I do not see where the author has made out his point of minimising 
the importance of the size of the crystals with regard to the magnetic 
properties, especially permeability, and I think it would be well to 
make that point clear. I am sorry to note that the author has fallen 
from grace in classing troostite and sorbite as constituents. Although 


* Fournal of Iron and Steel Institute, No. 1, 1899, by Arnold and McWilliam. 
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the names have now a firm hold, I still think it is better to use them 
in the adjectival form. Regarding the relative crystalline structure 
being unaltered as mentioned on page 667, I think it would be well 
for the sake of those who are not accustomed to deal with the actual 
examination of micro-sections to make it a little more clear that that 
is visually only. As more perfect objectives are used, more of the 
so-called sorbite must be classed as fine pearlite, and our minds tell 
us that the remaining sorbitic constituents are pearlite, only at present 
beyond the power of the microscope to resolve. We had at one time a 
beautiful example of sorbite, which when examined with a new lens of : 
much better resolving power was seen to be merely a fine pearlite. 
The same thing applies to the point mentioned on page 6608, par. 4, 
and therefore it should be clearly pointed out that with the particular 
miscroscope in use the structure was invisible, but that there are other 
properties which to the mineralogist would substantiate it as distinct 
from the other. | 

In conclusion, I have great pleasure in congratulating the author on 
his excellent paper, which would be correctly described, as was his 
work in his student days, as thorough and reliable. 

Dr. W. M. Hicks: However important the detailed results of the 
paper may be, the things which are really interesting are the causes 
which enable iron to become magnetised, and especially the curious 
coercive force which enables certain steels to keep permanently 
magnetised, together with the fact which the author has brought out 
that if such steels be subjected to maghetising forces less than the 
coercive, they return to their former strength afterwards, whereas if 
the force be larger than the coercive force the magnet suddenly and 
permanently gives way. I should like to ask the author whether any- 
thing has been done to correlate this coercive force with the coefficient 
of rigidity of the steel. The general idea is that magnetism is made up 
of an enormous number of molecular magnets, and that these when 
put into a magnetic field are displaced so as to combine in one direc- 
tion, and that the coercive force is something which keeps them there 
and prevents them from getting back again, and certainly a magnet 
behaves as if that were the case. But what is this mechanism which 
at the same time increases rigidity and gives the properties of being 
hardened and being permanently magnetised ? We know that those 
materials which confer high permeability on a steel are thosc which 
enable it to crystallise with large crystals. "The hardening substances 
reduce the size of the crystals, and it has been said that the diminished 
size is the cause of the magnetic permanence, but it is difficult to see 
how making the crystal smaller can make the rigidity or the hardness 
greater. The effect must be molecular, and as the crystals are micro- 
scopically visible they must be enormously larger than molecular 
dimensions. The probability is that the same thing which causes the 
crystals to be smaller prevents the constituents from separating out, 
and that the small crystals contain throughout their substance some of 
the hardening material: that they are not composed in fact of prac- 
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tically pure iron as in the case of the larger and more slowly formed 
crystals. It is a very able investigation, and the author is to be con- 
gratulated on his researches in this direction. 

Mr. P. LoNGMUIR: One interesting point is the question of 
the composition of steel to be used for making permanent magnets. 
The author's investigations in this direction are of considerable 
practical value. It may be noted that steel makers usually supply a 
steel for permanent magnets containing about о’бо рес cent. carbon 


Dr. Hicks. 


Mr. 
Longmuir. 


and about 6 per cent. tungsten. In practice this is considered to give ` 


better results than a steel containing 1 per cent. carbon and 3 per 
cent. tungsten. On page 668 the author states: “It may be that per- 
manence is governed by constitution and permeability by crystallisa- 
tion.” Constitution and crystallisation are large subjects for research, 
and investigations such as the author's tend to throw considerable light 
on these important matters. 

Мг. S. М. BRAYsHAW : I feel that we have not got as much information 
about the hardening as is necessary for fully understanding the results. 
On page 643 the author speaks of the bars being uniformly heated to 
9007 C., and then quenched in water from 810°, 780° C., etc. I take it 
that they were first raised to the maximum temperature, and then 
lowered gradually to the various temperatures given, and finally 
quenched in water. I should like to know the length of time that 
was spent in these operations; how long at the maximum temperature, 
how long in cooling, and how long at the lower heat, for these particulars 
are a great deal more important than is usually supposed. On page 656 
the author says that he “must admit that the figures quoted above " 
(those of Madame Curie) “have not been reached by the 3 per cent. 
tungsten steel in this work." This may have been due to the different 
way in which the steel had been treated. We do not know the 
maximum temperature at which it left the rolls or the way it was 
cooled from that heat. If the bars had been suitably annealed the 
results might have been affected. It is probably as true of the harden- 
ing of magnets as of tools that it is easy to accomplish ordinary good 
hardening ; but considerable accuracy is required for the bes? harden- 
ing, and the difference between the good and the best is very great. 
This is frequently exemplified in regard to tools. I remember that 
when I was an apprentice one of the men had a special form tool for 
turning the radius on axle boxes, and this particular tool had been in 
use for years and had outlived generations, as we might say, of other 
similar tools which had been made of apparently the same steel. The 
difference was undoubtedly duc to the hardening which, by some happy 
chance, had just been the cxact treatment required to produce the 
maximum efficiency, and doubtless a very slight variation in the 
hardening process would have reduced the tool to the ordinary level. 
I suppose it is the same with regard to magnets. I have hardened 
thousands of magnets, and although I have not specialised in them as I 
have in tools, I know that the magnetic properties are profoundly 
affected by the method of hardening. I have also known magnets to 
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be very different after they had unquestionably received the same 
hardening treatment, and this was doubtless due to some previous 
treatment. 

Mr. Swinden speaks about tempering some of the bars in an air 
bath. I would suggest that this might have been done better in water 
or oil, or, in the case of the higher temperatures such as 400? C., it might 
have been done in lead. The point is that if you place your bars in a 
liquid and stir them about sufficiently, you are certain that they are 
all at exactly the same temperature, and a thermometer which gives 
the temperature of the liquid truly gives the temperature of the bars. 

In making these few remarks I should like to express my apprecia- 
tion of the author's work. It is always a temptation in this kind of 
work to become too diffuse and to have too many variables, but I am 
pleased to notice that he has wisely adhered to one percentage of 
tungsten. If, with the same amount of research, he had doubled the 
arca of his field, he would probably have proved less than half as much. 
I wish we could persuade him to experiment further with one or two 
carefully selected samples of steel to ascertain the effect of various 
anncaling and hardening processes. I should be glad to place my 
hardening apparatus and experience at his disposal, and to give him 
any facilities at my command. | 

Mr. V. STOBIE: Agreeably with the conclusions the author has 
come to, it would appear that perhaps of more importance than the 
chemical composition of the steel is the chemical relationship between 
its elementary constituents. One notices in apparent proof thereof 
that a steel of given composition will have different magnetic 
effects varying with the heat treatment. Although many might come 
to the conclusion that these differences are due to the varying 
crystalline structures brought into being, the latter may be quite a 
side issue. The structure depends upon the particular combination 
of the elements within the steel, and therefore it may be that all 
the effort of the steel maker and hardener is to get a particular 
carbo-tungstate of iron. The remarkable point is that we get nearly 
the same results with high tungsten steel and low carbon as with 
high carbon and low tungsten. For instance, on page 653 the author 
gives some results of Madame Curie on Allevard stecl quenched at 
800? C. 54 per cent. tungsten, and о50 carbon, showing a 
remanent intensity of 850. On the next line is mentioned a con- 
siderably cheaper steel containing only 2°72 tungsten and 0°76 carbon, 
yet we get very nearly the same results ; and a friend of mine who 
supplies electrical firms with magnet stecls, tells me that they get 
the best results with 0'7 carbon, which does not agree with results 
obtained elsewhere. Strange to say, another gentleman who has a 
motor cycle fitted with a Simms Bosch magneto, spoke to my friend 
about the permanence of that magneto machine, and requested him 
to test the hardness of the steel, and the results showed remarkable 
softness. I believe that these magneto machines are world-famous 
for their retentiveness. Тһе steel is made іп Ger.nany and the 
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apparatus is made in Paris. The Germans supply the steel at a 
price against which English people cannot compete with their usual 
magnet steel, and therefore we ought, as Mr. Brayshaw suggests, to 
make a deep research on each particular steel under different con- 
ditions of heat treatment, because it would seem that the Simms 
Bosch machine, being made of that soft and cheap steel, cannot 
contain the high tungsten which the English magnet steel contains. 
With high-speed steel we find that the higher the tungsten, the 
greater the hardness of the steel for a given carbon contents. But 
in magnetic properties it is different. On page 653 we have а 15:6 
tungsten stcel whose remanent intensity is 766, and а 3'4 tungsten 
with one of 998—a most remarkable difference. I made a rough 
experiment before coming here this evening to see whether a piece 
of high-speed steel or of chisel steel would lift the heavier weight, 
and I found that the high-speed steel was hopelessly beaten. The 
magnetic properties must therefore be mainly the result of the 
combination within the steel, caused by the treatment it has received. 
Hadfield speaks of a steel containing about 13 per cent. tungsten and 
1$ per cent. carbon that is non-magnetic or practically so. If 
one heats it for a considerable period at 850° C. it becomes 
quite magnetic; yet we have the same composition. If we now 
heat the steel to a little above that point and quench it, we bring it 
back to a non-magnetic state. I notice, in his researches, that the 
author apparently gets better results as regards permanence with 
the hardened stcel than he does with the hardened and tempered. 
In rapidly looking through his paper, I may be mistaken, but that 
coincides with local practice, and the firm I have mentioned who 
supply magnet steel for electrical instruments inform me that they 
invariably harden their magnets before sending them out and there 
is no further treatment. If it were necessary to temper them they 
would do so. They do not trouble with very particular hardening. 
They give the magnets to a file-hardener, and he treats them as he 
would ordinary files. I am informed that they receive no complaint as 
regards permanence, and the magnetic field is nearly the same in 
every magnet. These magnets are supplied largely for delicate 
galvanometers. | 

Mr. H. BREARLEY: The question has been raised by a few speakers 
as to why steel containing only об carbon and 5 per cent. tungsten is 
preferred by magnet makers rather than steels of higher carbon and 
lower tungsten. I do not know that I can offer any absolutely satis- 
factory explanation. It seems to me, however, that something may be 
due to the fact that the lower carbon and higher tungsten are consider- 
ably easier to work than the higher carbon and lower tungsten steels. 
There are makers of magnets in this country who claim that a great 
deal of the success in manufacture depends on the manner in which 
the magnets are forgcd and the amount of strain put into them, and it 
is very obvious that when manufacturing complicated magnets, such as 
are scen on table telephones, the ease with which any particular type 
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of steel can be forged is of considerable importance. It is quite certain 
that steel makers do not send this high tungsten stecl because they 
prefer to send it, but because there is some reason for doing so, which 
is imposed by the maker of magnets. Mr. Brayshaw's suggestion that 
the author should take one stecl, which general experience has shown 
to have desirable magnetic properties, treat this steel at various harden- 
ing temperatures, and then favour us with a statement of its magnctic 
properties, is an exceedingly good one. On page 666 the author shows 
that stecls which are heated to a temperature of goo have the be-t 
magnetic properties, and he remarked that this higher temperature is 
needed in order to get the carbon into solution. This point is of some 
interest in relation to one that has been raised about the size of the 
crystals and the influence of these on the magnetic properties. 
Generally speaking, the higher the temperature to which the stect 
is raised the larger becomes its crystalline structure, but it is possible 
to effect the perfect solution of the carbon or diffusion of the various 
microscopic constituents in the annealed state at a much lower tem- 
perature than goo. The complete diffusion is not, of course, entirely 
a question of temperature so long as certain temperatures have been 
exceeded ; so that if two magnets were heated for hardening, in one 
case at goo or higher, so that you have perfect diffusion, and in the 
other case for a longer time at a lower temperature, so that you have 
perfect diffusion and much smaller crystalline structure, and their 
properties were compared, then the question could be settled how far 
the size of the crystals was of importance to the magnetic properties. 
Professor McWilliam raised the question of correct hardening and 
its effects on the magnetic properties of the steel. According to the 
lecturer а temperature of 9009 C. would be required in treating 
magnets, whereas any tools made from the same steel would be 
hardened at a much lower temperature, from which we may perhaps 
conclude that our experience in tool hardening is not directly applicable 
to magnets. In reply to Professor McWilliam, the author said that 
a stecl which was entirely austenitic had never been produced. I 
believe that within the last year there has appeared in one or two 
journals a description of work done by Maurer with a type of steel with 
no more than 2 or 2} per cent. of impurities outside the carbon and 
iron, and he has shown that this steel if quenched at a temperature 
of 100° C. above that given in the paper as the hardening tem- 
perature for magnets, was entirely austenitic. I cannot recollect 
whether this steel was also non-magnetic, but it is curious that when 
it was tempered it actually became harder during the tempering. 
The point in the paper which is of especial interest to a number of 
us who are more or less actively engaged in steel making is the relation 
of the composition, hardening, and general heat treatment to the pro- 
duction of permanent magnets, and I think it is realised by people who 
are engaged in this branch of trade that we need,a great deal of 


information of a technical-kind in order to meet fully the demand for 
good magnets, 
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About a year ago, on visiting two or three large works, I was 
excecdingly sorry to find that in their opinion it was not possible in our 
own country to purchase as good a magnet as they get abroad, although 
the steel used both here and abroad is almost identical. This would 
suggest that we do not sufficiently understand all that is actually 
involved іп the manufacture of magnets, therefore I am sure that if we 
could have some definite information as to the results of work carried 
out by the author, as Mr. Brayshaw suggested, on a particular kind of 
stecl, which practical experience has shown to be most suitable, we 
should be extremely grateful to him. 

Professor E. Н. Crapper: I would like to pay a tribute to the 
author, an old student of Sheffield University, for the valuable work 
he has done. It is pleasing to know that metallurgists, as well as clec- 
trical engineers, are present to-night, for only with such a combination 
can the best kind of discussion on the subject before the meeting be 
secured. The engineer ought not to consider the paper a purely 
physical one, as the question of permanent magnets is a matter of 
importance in connection with meters and measuring instruments, and 
one of the reasons why so many orders for magnet steels go abroad is 
probably because we know so little about the heat treatment of per- 
manent magnets. The paper clearly indicates some of the changes 
which take place with different heat treatment. On page 668 the author 
suggests that permanence is governed by constitution and permeability 
by crystallisation. When I read the paper my opinion was that it was 
just the reverse, and I should have suggested that permanence was 
governed by crystallisation, and it is in such questions as these that 
the opinions of metallurgists will be helpful to the engineer. 

I also notice that thc author has not introduced the term “ suscepti- 
bility" in his paper. I may point out that to my mind the idea of 
susceptibility explains why the part of the curve between the point of 
remanence and the point giving the coercive force is nearly straight, 
for at this part of the process of magnetisation the material is more 
susceptible to magnetism than at any other. 

Mr. A. J. CRIDGE : As a user of electric meters and instruments, I 
naturally feel greatly interested in the subject of the permanence of 
magnets, for, as Mr. Crapper has reminded us, the accuracy of 
measuring apparatus depends to a vital extent on the magnets used 
in their construction. To begin with, I may state that it is not advis- 
able for a central station engineer to attempt to alter the strength of 
the magnets he uses. Itis much better to buy new magnets, suitable 
for the purpose in hand, from a reliable manufacturer. I have 
demagnetised magnets, and have also built a machine for the purpose 
of remagnetising them; but I have found, on the whole, that the less 
one has to do with such things the better it is for the instruments. 
We hear nowadays a great deal about the use of electric furnaces in 
the manufacture of steel, and as one who is interested in the supply 
. of electricity, I hope they may soon be available for this purpose. 
My, old principal, Professor Silvanus Thompson, would no doubt have 
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asked Mr. Swinden to use clarendon type, or block letters, for B and H. 
Perhaps you would think that criticism irrelevant, but he made it on 
a previous occasion, and therefore I repeat it. 

Mr. J. W. BEAUCHAMP: I should like to ask the author if he can 
give us any information on the subject of small rises of temperature 
occurring periodically in a permanent magnet. For instance, the 
temperature of a magnet may rise from 60° to roo? F. once or 
twice every twenty-four hours, and it would be interesting to 
know whether this would have any effect on the permanency of 
its magnetism. 

Mr. T. MIDDLETON: With reference to the subject of orders for 
magnet steel going abroad, the magnet makers ask for the best steel 
that can be produced, but they do not offer to pay the best price. 
They will only pay a moderate price, and it is no use increasing the 
alloys in the steel to a point which has been found by experience to 
improve the steel, unless they offer to pay for the increased cost. If 
they will pay the price I feel sure the best possible quality can be pro- 
duced in Shefheld. 

With regard to normalising, the author states that its object 
is to recrystallise the material and obtain the structure free from 
possible crystalline distortion or hardening effects. According to 
my conception of normalising, the object is to heat to a point 
above the critical point of the steel, and so accelerate the rate of 
cooling as to prevent pearlitic crystallisation taking place at all. 
Osmond calls normalisation the “Trempe negative." Ав regards 
specific measurements, in testing steels for permanent magnetic 
properties, I have always found that the general magnetometer 
method is the most useful commercially ; by that means you get the 
relation to the general effect within the practical range. Accord- 
ing to the results of precise research one might be led to believe that 
it is very easy to produce a similar effect on the same steel by the 
same treatment. Personally I have not been able to repeat results 
accurately. If you take a steel and treat it in a certain way, then 
repeat the experiment, the general results will vary considerably. In 
corroboration of that I had a magnet laminated which was made 
of French steel by a first-rate instrument maker, and on taking the 
laminations apart, I found their separate tractive powers vary to a 
surprising extent, so that in practice evidently it is not an casy matter 
to produce this constant general effect. 

In the present paper the temperature treatment at about 60? is 
called tempering, and also higher heatings are called tempering. 
This very low temperature treatment (in order to drop the sub-per- 
manent magnetism) is precisely similar treatment to that which is 
bestowed on other hardened materials in Sheffield, which operation is 
better described as “ageing.” After this treatment a hardened steel 
would not show any appreciable annealing back. I think it is generally 
believed that carbon and tungsten do form a double carbide with the 
iron. In hat case a certain percentage of tungsten would require a 
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certain percentage of carbon to make up the carbide, and I would Mr 


suggest that any one expcrimenting should increase the relative pro- 
portions of tungsten and carbon until they are just sufficient to exactly 
saturate the stcel in the annealed condition. 

Мг. P. G. Ретиков : I would like to ask the author what is the 
period necessary for ageing to secure a constant remanent magnetism, 
as І have found that if a magnet be aged or tempered as in 
division (а) and then be allowed to rest and be then again aged, 
there is a continual drop in the remanent magnetism, noticeable even 
after the magnet has been aged four or five times, and a period of rest 
has been allowed between each test. 

Mr. J. W. ULLETT : Being only a user of magnetic steel, I feel rather 
diffident in speaking on the subject before so many manufacturers. As 
manufacturers of telephone apparatus we find that the question of the 
permanence of magnets is a very important one, careful investigations 
having shown that a gradual drop in the strength of a receiver magnet 
makes a very considerable difference in the efficiency of the receiver, 
so that you can easily understand that we have to be careful in this 
matter. One speaker asked what effect the application of low heat has 
upon the permanence of a magnet. Several authorities have pointed 
out that the exposure of magnets to heats varying up to 100? C. gradually 
reduces the strength of the magnet to a permanent condition. 

One speaker referred to the excellent results obtained by sparking 
magnetos of high-class construction, such as the Simms Bosch. I am 
not quite sure that the efficiency of these instruments is entirely due to 
the strength of the magnets. I believe the excellent accuracy of the 
workmanship is a more important factor. In some high-class sparking 
magnetos that I have examined the actual armature clearance was 
between 07002 in. and 0'003 in. I think the workmanship that allows of 
such an exceedingly fine clearance to be used largely accounts for the 
high efficiency they get in sparking. We have compared some of the 
magnets used on these high-class sparking magnetos with magnets we 


are using, made from Sheffield steel, and we have found that our. 


magnets compare very favourably with the foreign ones. Mr. Middle- 
ton touched upon a point which is of great importance to us, namely, 
that of price. If Mr. Swinden can show us that we can get as good 
magnetic results with a steel containing 3 per cent. of tungsten it seems 
hardly necessary to go to the expense of using 6 per cent. There is no 
doubt that this paper contains most valuable results, and it is only by 
investigations such as these that we can hope to keep ahead of our 
friends abroad. 


Mr. Н. E. YERBURY: As the percentage of tungsten admittedly мг 


influences the magnetic properties of steel, I would'.like to ask the 
author if it is not possible for the percentage of carbon to be kept 
constant in all steels used for permanent magnets without seriously 
affecting their properties—i.e., whether it is not possible to have а 
constant carbon content with a varying percentage of tungsten iu 
magnet steel for special purposes. 
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Dr. Cart. BENEDICKS, of Upsala (communicated): I have studied the 
paper with the greatest interest, and consider as of great importance 
the author's conclusions as regards the ratio of permanent to remanent 
intensity, which in a rather unexpected way points out the importance 
of a high coercive force for magnet steel, and proves the real phvsical 
character of the permanence. I also note with great pleasure that the 
author's experiments corroborate some earlier results of my own, and 
this all the more, as the work of Mr. Swinden has evidently been 
carried out in the most careful and judicious manner. Mr Swinden's 
remarks (page 649 ef seg.) оп my own published results with reference to 
the influeuce of the hardening carbon on the maximum intensity show 
good reasoning power and sound judgment, for there is an unsettled 
point which should not be accepted without discussion. The argument 
—it might possibly be of some use to make this clear—was, in the 
work referred to, as follows: Carbon-austenite is probably, like Ni- 
or Mn-austenite, unmagnetic ; and, according to Guillet, 176 рег cent. С. 
dissolved would give carbon-austenite exclusively ; therefore in this case 
1'6 per cent. C. dissolved would render the steel unmagnetic. Further, 
according to Benedicks’ magnetic work, about 1°6 per cent. C. dissolved 
would render the steel unmagnetic. The conclusion, which I think 
must be considered as entirely logical, was that these different lines of 
research were shown to support cach other. 

On the other hand, being well aware of the uncertain point to which 
Mr. Swinden calls attention, I did not try to explain the truc cause 
of the decrease of Imax. toward nil. This may be one of the three fol- 
lowing :— 


1. The martensite, supposed to occur exclusively, ;.c., without 
austenite, іп the hardened steels considered, may lower Inx. 
successively by increasing the dissolved carbon. 

2. The decrease of Ima. may be caused by the occurrence, in 
increasing quantity, of austenite, with increasing content of 
dissolved C. 

3. The decrease of Imax. may be a function of both these factors. 


In my opinion the last is the most probable. The fact is that 
austenite, to a certain extent, must be considered to exist in steel, even 
when “properly hardened”; as shown by Maurer,” by dilatomctric 
figures, to be the case for a steel 1'2 per cent. C., hardened at 8оо`, 
which must be admitted to be a proper hardening temperature. In 
any case, I entirely agree with Mr. Swinden that Ima. 20 will not 
be correct for properly hardened steel, as then the content of dis- 
solved carbon will not be high enough, near r6 per cent. carbon. | 
may add that the non-ferromagnetism of carbon-austenite already 
referred to has been supported by some microscopic work of my own! 
and still more so by the work of Maurer, showing that some 2 per cent. 
Mn added to carbon stecl will render it almost unmagnetic, and con- 
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stituted of austenite without martensite in a hardened condition. И is 
to be hoped that metallography will be enriched with many researches 
on special steels as carefully worked out and digested as the present 
work, 

Мг. T. SwINDEN (in reply): The discussion to-night is not only 
gratifying as an index of the interest aroused, but is also most valuable 
as a guide for future work. Professor McWilliam raises many inter- 
esting points, and replying to one of them I might say I have not yet 
met with either carbon or carbon tungsten steel which was non- 
magnetic. The only reasons which would lead one to the belief that 
a purely austenitic steel would be non-magnetic (assuming that such а 
steel could be obtained) are (1) the magnetic strength decreases as 
austenite appears, and (2) the “artificial” austenite produced in nickel 
and manganese steels, which resemble very closely the austenitic con- 
stituent of quenched high carbon steels, is practically non-magnetic. 

With regard to the maximum permanence value with a carbon 
content of only 0*5 per cent. C., this is due to the permanence being а 
resultant effect of coercive force and remanent intensity. Assuming 
free ferrite to exist in the quenched specimen, Professor McWilliam's 
suggestion is a most ingenious one and demands careful thought. One 
must not lose sight, however, of the fact that were the soft iron to act 
as "keeper" to the hard magnetic constituent, the structure would 
represent innumerable small closed magnetic circuits, in which case the 
external magnetic effect would be very small indeed. 

In the preliminary quenching experiments the object was to find 
the treatment giving the finest structure. Quenching at temperatures 


either above or below those adopted (see page 643) gave inferior results 


in this direction. As Professor McWilliam points out, the evidence on 
the non-movement of the crystals is not absolute, but merely visual. 
There is little doubt that within the boundaries of the ordinary allotro- 
morphic crystals there exists a secondary crystallisation. How the 
latter affects the magnetic properties is by no means clear. This does 
not, however, affect the statements made in the paper. The author 
refers to the ordinary crystalline boundaries on the same terms as they 
were referred to by the investigators whose results are discussed. 

Although the resolution of sorbite, a compound constituent, and the 
showing up of a secondary crystallisation in a pure primary crystal are 
very different problems, still, the advance being made in lens construc- 
tion will doubtless be of immense benefit to both. The great difficulty 
is that in the case of opaque bodies the examination by transmitted 
light, which is put to such splendid use by the mineralogist, is as yet 
not applicable to metals. 

The suggestion from Dr. Hicks that the magnetic properties be 
correlated with the coefficient of rigidity is most valuable. Although 
much has been done to examine the effect of stressing the material on 
its magnetic strength, the results are hardly applicable to this question, 
Unfortunately, the modulus of rigidity has not been determined on these 
specimens, but the tensile and supplementary tests are reported in the 
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сагПег paper. An interesting point is that the elastic ratio (/.e., elastic 
limit to maximum stress) 1s 20 to 30 per cent. higher for the carbon 
tungsten steels than for carbon steels іп the normalised condition. 1 
was exceedingly pleased to hear Dr. Hicks’ statement that the effect of 
the special element must be molecular. Substituting “ constitutional " 
for “molecular,” the statement strongly supports the proposition that 
the actual crystalline structure is of secondary importance. I would 
like to tender my heartiest thanks to the twó professors who have done 
so much for me during my student days under their guidance. 

In thanking Mr. Longmuir for his remarks, I would hke to say that 
although the higher tungsten steel is now preferred in practice, it is 
possible that by judicious treatment the 3 per cent. stecl could be made 
to compete. In reply to Mr. Brayshaw, I would like to tender my 
thanks for the careful reading given to the paper. As requested by him, 
I have pleasure in giving the following data: Bars for hardening were 
first normalised, and then on hardening, they were placed in the salt 
bath at goo? С. After five minutes the furnace was allowed to cool and 
the steels quenched out in water at about 18° C., at temperatures 
indicated on page 643. The time in cooling from goo? to the last 
quenching would be about twenty minutes. І appreciate to the full Mr. 
Bravshaw's contribution in reference to the importance of treatment 
previous to and at hardening. There would appear to be no doubt that 
to obtain the best from the steel requires careful trial and very consider- 
able skill in treatment. All the necessary precautions were adopted 
essential to the object in view and, as Mr. Brayshaw remarked, restraint 
was exercised to avoid side issues. ‘The time is now ripe to follow the 
plan suggested by Mr. Brayshaw and investigate fully the properties 
of one suitable steel. In this direction I would gladly avail myself of 
Mr. Brayshaw's very kind offer at as early a date as possible. 

I heartily welcome Mr. Stobie's remarks, but fear that he has not 
appreciated the point of the paper. My sympathies are with the stecl- 
maker who gets a carbo-tungstate present in his steel. The question of 
double carbide will be referred to later. From Mr. Stobie's statement 


, discussing high and low tungsten steels, it is evident that he has con- 


sidered remanent intensity only. I would commend to Mr. Stobie’s 
notice the section on the relation of remanent to permanent intensity 
(page Обо сі seg.) The same applies to the “most remarkable difference” 
discovered in the case of the 15°6 per cent. and 3:4 per cent. tungsten 
stecls. One of the main features of this research was to show that the 
size of the crystals was not necessarily a prime factor. On page 668 it is 
stated, “ many facts point to the latter (crystallisation) being of secondary 
consideration.” This quotation practically covers Mr. Stobie's remarks 
on constitution. 

In consideration of the fact shown in the paper that the annealed 
tungsten steels were almost the same as carbon steels, Mr. Stobie's note 
on anuealed high speed and hardened chisel steel is easily understood 


I can scarcely associate myself with Mr. Stobie's deprecation of accurate 
hardening for magnets. 
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Mr. Brearley suggests the preference for higher tungsten lower 
carbon steel to be due to the relative ease with which it may be worked. 
The higher carbon steel will no doubt require more care in forging, but 
current practice in many forges shows that this factor can scarcely 
furnish justification for the preference. 

Мг. Brearley's remarks on hardening are somewhat difficult to 
follow. It is evident that the difference between treating and hardening 
has not been realised. A quenching temperature of 9oo? C. has 
never been advocated for tool steel. What was advocated was a 
short heating at an initial temperature of towards goo’, followed Бу 
quenching just above the critical point. Professor McWilliam's remarks 
on this subject clash decidedly with Mr. Brearley's: thus, “It is very 
interesting to sec that the quenching temperatures from the magnetic 
point of view are similar to the ordinary temperatures for steel, etc." 
It would have been more to the purpose had Mr. Brearley stated his 
* much lower temperature" so often referred to. Mr. Brearley's 
remarks on austenite are incomplete since the magnetic properties of 
Maurer's steel are not available. The fact that the steel became harder 
on tempering would probably be due to the austenite yielding marten- 
site in the first stages of tempering, as in the case of certain high-speed 
tools. “I would fully endorse his remarks on the necessity for further 
research on the treatment of magnet steel. 

In thanking Professor Crapper for his kind remarks, I fully agree 
with the suggestion of joint work by metallurgist and electrician. 
With regard to the reversing of the sentence quoted re constitution and 
crystallisation, I hardly see ground for such alteration in the light of 
the facts presented. Whilst, perhaps, the term ‘‘susceptibility” sug- 
gests more the properties of very soft irons (for transformer cores, etc.) 
rather than permanent magnets, it could, no doubt, have been included 
to advantage as Professor Crapper suggests. 

Regarding the remarks made by Mr. Cridge, one can well understand 
the advantage of leaving the alteration and replacement of permanent 
magnets to firms specialising in this direction. In reply to Mr. 
Beauchamp, if the magnet were uscd just as hardened, the small rises 
in temperature would eventually have an effect, bringing down the 
efficiency to a definite constant value. Had the magnet been prepared 
by heating for, say, 30 to до hours at roo? together with a slight 
. demagnetisation, such temperature rises would be without effect. Mr. 
Middleton raised the question of the three factors: price, composition, 
and treatment. The price is more or less fixed, and the composition 
can, therefore, only be varied within certain limits. The treatment, 
however, offers unlimited scope, and this must be a factor responsible 
for the cheaper stcel giving good results. 

The “normalising” has been carried out in the ordinary way as, I 
believe, is generally understood. The term is used in the sense given to 
it by Professor Arnold in 1894. The term “ageing” has certainly been 
used in the sense mentioned by Mr. Middleton, but I would point out 
the almost universal acceptance of the term in describing the gradual 
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detcrioration of the soft iron for transformer cores, etc., accompanied 
by increase in hysteresis loss. The treatment for the removal of sub- 
permanent magnetism, giving a decrease in hysteresis loss would appear 
to be of an entirely different order. Mr. Middleton's statement оп 
double carbides is, perhaps, a little in advance of published fact, and it 
is somewhat difficult to say whether the saturation point would be most 
suitable for magnetic purposes in view of the results now presented. 
Coming as it does from an experienced user of steel for permanent 
magnets, Mr. Ullett's contribution is very valuable. His suggestion 
will be a comforting опе to the Sheffield magnet steel makers when he 
attributes the better efficiency of foreign sparking magnetos to the 
better workmanship in manufacture. Mr. Pettifor raises an interesting 
point on the persistent deterioration of permanent magnets. If, how- 
ever, the magnet had been prepared as noted in reply to Mr. Beau- 
champ, the value should not depreciate with time, unless the disturbing 
influences are stronger than the demagnetising field used in preparing 
the magnet. In reply to Mr. Yerbury, there would be no difficulty in 
making and investigating a constant carbon (say, 0:50 per cent.) vary- 
ing tungsten series of steels. The result would doubtless be most 
interesting. In reply to Dr. Benedicks communication, the author 
would thank him very heartily for his valued contribution, and espe- 
cially for the further notes on the decrease of Imax. with increase of 
dissolved carbon. The non-ferromagnetism of carbon austenite was 
never questioned—only the possibility of getting a carbon steel, 
properly hardened, to be non-magnetic. Dr. Benedicks’ remarks, 
however, make the point quite clear, and the author would agree with 


. the deductions advanced. In conclusion, the author's cordial thanks 


are tendered for the interesting and instructive discussion. 
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THE RESPONSIBILITY OF THE ENGINEER. 


By J. S. HIGHFIELD, Member. 


(ABSTRACT OF ADDRESS TO THE STUDENTS SECTION.) 
(Delivered November 18, 1908.) 


Every man, or for the matter of that every woman, who has any 
work to attend to carries with that work the responsibility to do it 
properly ; none can act as an individual unit, each one is part of the 
social system, a link in the chain, and any failure to do that which is 
our duty to do results in damage to the whole organisation. Luckily 
for all, the social chain has its links arranged in series parallel, and 
in any group a weak link is helped by a stronger one; nevertheless 
the chain would be stronger if all the links held fully to their work. 

Our complicated social organisations of to-day are made possible 
by the hand of the engineer—without him they could not exist. The 
older civilisations, more crude with their wider and freer life, still 
needed him, but not to so great an extent, and as we look back to 
remote ages, or study the ways and customs of savage tribes, we find 
the work of the engineer less important. The man who dug out the 
caves for the cave men was an епріпсег as was he who carved out 
the flint arrow heads. In those days probably every man was his own 
engineer—be thankful you live in better times. As the soil became 
more cultivated, some men worked at the harvest, leaving others, 
the engineers, to do the cave making; and so the engineers became 
a distinct class, just as the others became farmers. 

Many of the early great leaders of men had the special enginecring 
ability—Moses, a great leader and a lawyer, was also a hydraulic 
engincer. 

The first business of man is to get food for himself and his family, 
and as the race iucreases and the ground becomes more thickly 
covered, so does that duty naturally become more difficult, because 
the distance between man and his food becomes greater. А great 
engineer was he who first used a wheeled cart to reduce the time of 
transit between man and his daily meal; he also who brought water 
from a distance in a conduit ; and hc again in greatly remote ages who 
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built a vessel and showed how easily and cheaply the great water-roads 
can be utilised ; this man preceded other carriers. I said cheaply, for 
we should remember always that cost must enter into all the work of 
the engineer— not necessarily into that of the man of science—and 
that the engineer must ever keep the question of cost before him. You 
may recollect that it has been said that “the engineer is he who can 
do for one dollar what any fool can accomplish for two," a most just 
definition, and one that for the sake of the future of our p business, 
I hope you will always bear in mind. 

In the earliest days of which I spoke, when every man was his 
own engineer, it mattered little to others if he forgot the above 
precept; he wasted only his own. But when the engineer became 
specialised, a servant of his tribe, he was spending the other man's 
money, and then carelessness resulting in undue cost became a crime. 
Attention to cost is the first duty of the engineer, this is his paramount 
responsibility. 

I will return again to the question of cost, because it is one of the 
utmost importance, but I wish first to deal with an сагПег responsi- 
bility, that which attaches to every man, to see that his work is 
done as well as possible. Nearly all engineering is carried out 
by many hands; there is little work begun and completed by one 
man. In the few cases where one man makes a complete article 
from the raw material—a model maker is an example of the sort 
of man I mean—he stands or falls by his own care or carelessness, 
and if he falls he harms only himself. But when а man is part of ап 
organisation, then his failure, besides usually involving loss to himself, 
also results in loss to his fellow workers. “Ап organisation for carrying 
out any considerable engineering work involves the inventor or 
originator of the idea, the financier who attends to the provision of 
the money, the designer (who is sometimes the originator), the builder 
of plant, with his staff, the resident engineer and his assistants, and 
the workmen of various grades. But this is by no means all, and it 
is when the other factors are forgotten that disaster sometimes attends 
the completion of the finest technical scheme. There are the in- 
dividuals who provide the financier with money; you and I—if we 
have any savings—subscribe the money because we trust the wise 
judgment of the financier, and he trusts the engineer to carry out a 
proper scheme. We, the subscribers with savings, are wholly inter- 
ested in seeing our money repaid with interest for its use. The 
subscriber will not admire our beautiful machinery unless that end 
be achieved, and our responsibility in this matter is immense, as, if 
he lose his money over one engineering scheme, he will not be 
likely to invest in another, and so there will be fewer schemes and less 
work, and consequently less pay for the other engineers, owing to 
our failure to carry out a job so that it paid its way. If, however, 
the scheme be weH conceived and well carried out, many will invest 


their savings in similar schemes, and so there will be much work 
for all. 
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Of course, most engineers will be employed in pure engineer- 
ing, but in new businesses like electrical engineering many new 
problems are introduced, and it frequently happens that the engi- 
neer is forced into a position where he has to deal with business 
matters. | 

Consider a very small scheme where а man invents a new 
instrument and persuades his family that it 15 a saleable article, and 
his father puts up a small sum to provide a workshop for its manu- 
facture. Having got so far, he has, or should have, accomplished 
the following useful work. First, he invents the instrument ; secondly, 
he makes it work in model form ; thirdly, he considers fully how it 
may be made simple in design, so that it is strong and cheap to manu- 
facture. Allthis is very strenuous work, and occupies about as many 
months as you expect hours in the first beginnings. Fourthly, he 
satisfies himself by inquiries that the instrument can be sold at, say, 
twice the amount it costs to make—allow a good margin here—and 
that it can be sold in sufficient quantitics. Further, he should ascertain 
that there are not serious competitors, who are in a position to spoil the 
business by selling a similar instrument at a less price. In short, he 
must be sure that the article is either better or cheaper than other 
similar ones. If all this work has been thoroughly carried out, and if 
the construction be well done, the business well managed, and the 
sale of the instrument properly provided for, success is almost sure 
to follow; and if, through some accident, failure results, at any rate 
it must be due to misfortune, and поі to a shirking of responsibility. 
So it is with larger work, though the scheme be immense, unless 
every detail be attended to failure results ; and, of course, as the 
scheme is greater, so is each difficulty greater, and more far-reaching 
in its results. 

Now in these matters at the start of a great scheme—a railway, 
tramway, a power installation, no matter what—the chief responsibility 
rests оп the financier, who is responsible directly to those whom һе. 
persuades, or whose money he accepts to start the adventure, and he 
must satisfy himself as to all the details such as I have indicated to be 
necessary in the case of the instrument maker, and he depends on the 
engineer to advise him on all technical matters, and sometimes 
on business matters, particularly as I have said in new classes of 
enterprise. 

Of course, some works are carried out for public convenience—such 
as bridges, roadways, public buildings, and the like—and are not 
expected to return a direct profit ; many are carried out to open up 
new country, as the Uganda Railway, and are not expected to pay 
all charges for years. In such cases the engineer must endeavour to 
construct the work as inexpensively as mav be, having regard to the 
special features of the case ; he should alwavs point out where cost 
can be reduced. In public works especially there is a great tempta- 
tion to erect a great monument to oneself, which sometimes proves 
a tombstone, but the best monument is a job adequate for its pur- 
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pose and no more, and which bears on the face of it the appearance 
of careful design and great care for the pockets of those who provide 
the money. The worst work to be scen and the worst monument is 
where extravagance and waste are obvious. 

It does not fall to every one's lot to design great works, but most 
of you will have a hand in large schemes, either in their working or 
construction, and the man who keeps the question of cost to the fore, 
in addition to carrying out his technical work thoroughly, will prove of 
most use and so get advancement. | 

In this connection I have found it useful to consider the difference 
between capital and revenue charges. In any business a start is made 
with a sum of money, the savings of past work, and this money may be 
laid out in the purchase of materials for the business in hand; you 
trade successfully if you can get a regular living out of the business, 
and can also get a sufficient sum in addition to repay the original sum 
together with interest. Now in some businesses you can get the money 
back in a year or less period, as in the case of the man who sells 
matches in the street. In more complex cases a part may be got back 
day by day, and the whole іп a period of, say, five years—asan example, 
the vegetable seller with his barrow and donkey. In other businesses 
the money comes back still more slowly ; it is with this class chiefly 
you will have to deal. The essential difference between capital and 
revenue is that the return of the sum employed is completed over a 
term of years in the former, and from year to year in the latter, but the 
business is sound only when the revenue is sufficient to repay both, 
with proper interest on the money till it is repaid. 

Now the important point to bear in mind is that plant should never 
be bought unless its cost can be recovered in a reasonable period. You 
may be able to effect a saving in coal day by day by the use of some 
new appliance; but unless the saving be sufficient to pay interest on the 
cost of the appliance, together with thc whole cost, in areasonable time, 
the money has been wrongly spent. Much harm has been done to 
electrical undertakings through comparing only the costs of supply ; 
the true test is the return earned on the capital, always provided that a 
thoroughly good service be given. 

Now I wish to deal with a different aspect of our work, which also 
has a great bearing on its success. Most engineering work is carried 
out by many hands, and it is your first business to remember that 
unless the men and the machinery work together mutually trouble will 
result. If you could hire angels, I suppose any sort of machine would 
give good results, but you can't hire angels at 30s. a week. So you 
must study first your man; be sure of the class of labour you can 
obtain, and then provide a machine which he can be trained to use 
easily ; you see the man was made before the machine. This is all- 
important when work is to be done abroad ; for such work, strong and 
simple machinery gives the best results. Machinery is improved from 
day to day, engines are made more economical in coal consumption, 
dynamos work at a higher pressure, and there is no finality, but unless 
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you are sure of yourself and of your men, choose the strong, well-tried 
machine in preference to the more economical and less familiar one. I 
do not mean that you should never depart from older to newer practice 
and never experiment, but first calculate carefully the risk, and never 
try an expcriment far from your base, always Бе sure you can personally 
attend to the initial troubles. It is a very frequent, almost a universal 
occurrence, when a new type of machine is introduced, for all sorts 
of difficulties to be experienced in working it properly, owing to the 
men not liking the machine on account of its novelty. It is the 
engineer's business to understand the working of the machine himself, 
and to watch and instruct the workman in every detail, and encourage 
him not to allow the machine to defeat him. In this way only is it 
possible satisfactorily to introduce a new machine. You will find 
examples everywhere of this fact. As an instance, there may be 
electric supply stations in one part of the country equipped through- 
out with Willans engines, and stations in another part equipped 
throughout with Belliss engines; to introduce a single Belliss engine 
into.a Willans station or a Willans engine into a Belliss station would 
give trouble—the machine, in fact, does not work properly and does 
not give the proper results. Now all these engines of each class are 
alike or nearly alike ; consequently the difference is in the men, and 
it is all-important to realise how powerful is the effect of prejudice. 
Never on any account introduce a new type of plant unless you are 
prepared to see it through its earlier stages of working. Youswill find 
this difficulty in the use of oil, fuel, and various forms of stores. You 
will find that in one works the engineers think that one class of oil or 
coal is better than any other, and in another works you will find the 
same class of oil and coal giving indifferent results. The oil and coal 
are the same, but the men have different methods of working. The 
maximum result can be attained only when the men and materials are 
suited to each other. 

Just one word on designing. Never start the actual coustruction 
until the drawings are complete; many a design seems good until 
you begin to draw it out, then you find all sorts of difficulties, one 
part gets in the way of another. Drawings cost little, and you should 
continue making and altering them until you have a satisfactory 
design on paper, then you may start constructing, but not till then. 
This process of making and scrapping drawings is tedious, and there 
is a great temptation, when you get a design nearly right, to trust to 
luck and to start construction. If you do this you are certain to run 
up the cost of the job and have far more trouble than if you had 
completed the design at first. An original design is analogous to a 
new musical мг; it may run in your head and evade vour memory 
for days, then you may hum it, and if you are of a musical habit 
you can play it — then and not till then have you completed the 
design. 

As you become more familiar with practice, you will find that 
different methods of engineering are necessary for different purposes. 
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There is the method of the contractor whose work consists of erecting 
plant or work with the utmost speed, and whose job may last, say, one 
ог two years ; consequently, all the plant 15 of a temporary character ; 
railway tracks are laid as cheaply as possible, all the gear is rough 
and ready, and adapted for working satisfactorily for the short period 
necessary to complete the work, and in consequence the men tend 
to acquire the same characteristics as the plant: their methods are 
rough and ready, and, like the plant, admirably adapted for the end 
in view, which is to erect the work strongly, cheaply and quickly. 
Contrast with this example a railway system or an electric power 
works where the business may last for untold years, and where the plant 
is put down in a solid and permanent way. The plant is expected 
to work both day and night with small cost for repairs and with little 
liability to breakdown, quite different from the contractor's plant. 
The men also work under quite different conditions. You cannot 
press them to work at a greater rate than the average. You must 
see that they are comfortable in their surroundings if you are to get the 
best results. Usually speaking, good plant and good men go together ; 
if you have good plant you must take care to have good men, but 
you must not press them ; you must not expect them regularly to work 
long periods of overtime, otherwise you will find that the cost of 
repairs will go up and the plant suffer. There is no doubt that the 
man and the engine must be considered as the unit ; it is strange to note 
the curiqus effect the one has on the other, how the character of a 
man often differs according to the plant he has to run. You may 
notice the difference, in an exaggerated form, in motor-bus drivers. 
You have only to observe and I think you will agree with me that 
the drivers of the noisy form of petrol bus lead a more worried 
existence than those who drive the quieter electric and steam 
busses; there is no doubt that a long period of such service leaves 
its mark on the men. 

In fact, you have only to drive a disorganised motor yourself to 
rcalise what an evil effect badly running mechanism has on the soul, 
and how different are the saintly feelings inspired when the machine 
is running at its best. The best engine drivers instinctively regard 
the machines they run as part of themselves, like an arm or a hand, 
and very generally keep them cleaner. There is a great difference 
between men in this respect ; some men with rough hands will put any 
machine out of gear, while others with gentle hands will persuade any 
decently made machine to work well. Don't employ the rough-handed 
man to run a fine machine if you can get the other sort, but when you 
cannot, see that you choose a machine adapted for the rough hands 
of the men available. This consideration may save you much trouble 
and much money. 

When you design a machine study the ways of the man who 
is to use it. The stecring gear of many motor-boats is an example 
of bad design. The early ones were designed by landsmen, and 
they made the steering wheel and control exactly like that used 
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on a car, to the disgust of the seafarer, who is used to a vertical 
whecl. 


Kipling's great poem, * McAndrew's Hymn,” describes far better 
than I can the relations between the engineer and the engine, and I 
commend it to your careful attention. I cannot resist quoting a few. 
lines :— 


“Fra skylight lift to furnace bars, backed, bolted, braced and stayed, 
An’ singing like the Morning Stars for joy that they are made ; 
While out о” touch о’ vanity the sweating thrust block says: 
‘Not unto us the praise or man—not unto us the praise !’ 

Now a'together hear them lift their lesson—theirs and mine, 
* Law, Order, Duty an’ Restraint, Obedience, Discipline !’ 
Mill, forge an’ trypit taught them that, when roaring they arose, 
An’ whiles I wonder if a soul was ргеп them with the blows, 
Oh! for a man to weld it then, in one trip hammer strain, 
That even first-class passengers could tell the meaning plain! 
But no one cares except mysel’ that know and understand, 
My seven thousand horse-power here. Eh, Lord! 

They're grand—they're grand !” 


Our responsibility is usually measured by the amount of money 
or property under our care, but it is enhanced when we come to 
carry out work in countries other than England, when our work is 
done in competition with other nations. There our responsibility is a 
national matter ; if we help to carry out a good job more work will 
come to this country, employing British workmen and keeping British 
families. Fail, and the work goes elsewhere—the home factory works 
short hours and the British family suffers. Let us realise if we can 
how far our success helps others, how far our failure injures them. 

All men are servants, but the engineer particularly so; he has 
made city life possible ; he has carried the food and water, made the 
roads and the vehicles, provided light and heat and every sort of con- 
venient communication from one end of the earth to the other. Study 
the records of great engineers and their achievements, and realise how 
great an inheritance has been handed down to you, and how great is 
your responsibility to the great profession to which you belong, and to 
the great work that is your duty to carry out. 

Again I must quote my friend McAndrew :— 


* Mine at the last, when all is done it all comes back to me, 
The fault that leaves six thousand ton a log upon the sea, 
We'll take one stretch—three weeks ап" odd by any road you steer, 
Fra’ Cape Town east to Wellington—you need an engineer. 
Fail there—y've time to weld your shaft, ave, eat it e'er уте spoke." 


Now, I wish to say alittle as to our special duty towards our leaders. 
'The most fortunate man is he who works under the greatest leader, one 
who always knows his own mind, whose judgment is always sound ; one 
cn whom we can thoroughly depend—a man gifted with the imagination 
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that gives birth to great ideas, and who keeps a just control over his 
imagination, so that it is not allowed to precede practice at an imprac- 
ticable distance ; in short, one who possesses to the full the three great 
qualities, imagination, foresight, and courage ; such men arce all too rare, 
and we are lucky, indeed, if we serve one. We cannot expect to find such 
a leader every day, any more than we can expect to find our workmen 
angels; but let us give our leader every possible assistance by filling 
up the gaps in his knowledge, let us lay ourselves out to combine 
with the best of our colleagues to render the working of the organi- 
sation as perfect as possible, and when we see some defect, lct 
us adopt the most tactíul method of remedying it. Let us always 
do this; it is unsatisfactory to meet difficulties daily which we know 
how to remedy. 

From your workmen and from others learn all you can; they will 
respect you all the more ; your knowledge for years is the knowledge 
gained by reason; theirs, if they are good craftsmen, is instinctive, and 
consequently more useful in an emergency. We all learn at college a 
little theory about a vast number of subjects ; the part you will chiefly 
use is so much as you can make instinctive, that part witb which you 
become absolutely familiar. Try and appreciate to the full a good 
workman's absolute familiarity with his particular job and try and 
emulate his method in your own work. Always work for the job and 
not for your own hand ; by so working you will achieve greater success 
and far greater pleasure. As soon as ever you begin to consider 
yourself and not the job, so soon will the job tend to leave you, and 
you get more than you deserve if it does not leave you altogether. 
It is quite casy to realise this when you work in your own private 
business with your own money, but when you are paid a fixed salary it 
is not so easy. Under this condition you are paid as much as the job 
will stand for doing definite work, and there is a great temptation to 
work the necessary hours and wait for pay-day—it is impossible to 
achieve success in this way. Try to work as though the business were 
your own, with your own money invested, and when you feel inclined 
to shirk (as sometimes happens to us all), think how you would act if you 
were the employer, and your employee acted so. Do not aim solely at 
making money ; work for the job and the money will come. You can 
eat only three meals a day. Many successful men have told me that 
the pleasantest times of their lives were those when their efforts first 
began to be recognised and before they had obtained any great degree 
of success or any great riches. A title, a public office, or a uniform 
often have a bad ettect ona man; he gets the disease known as “swelled 
head," and thinks a brass hat makes up for his own insignificance. 

Let us ever think of our work as it connects with the past and 
the future, and regard the little piece we can do as part of the 
glorious whole. Let us not seek for a finish, nor for the praise and 
reward which comes on the completion of a scheme—that will come of 
itself—but move quietly on to the next stage without pause. 

Individual honour comes not by seeking; it is sufficient to be 
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well content to form part of a great and successful organisation; there 
is no pleasure like that derived from carrying out a fine piece of work 


in combination with others. 
As the “ Song of the English” says :— 


“Go to your work and be strong, halting not in your ways, 
Baulking the end half-won for an instant dole of praise, 
Stand to your work and be wise—certain of sword and pen, 
Who are neither children nor gods, but men in a world of men." 
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ORIGINAL COMMUNICATION. 


THE MEASUREMENT OF THE INSULATION 
RESISTANCE OF A LIVE THREE-WIRE 
SYSTEM. 


By Dr. GISBERT КАРР, Vice-President, 
and Dr. J. DENNIS COALES, Associate Member. 


(Communication received February 8, 1909.) 


The well-known Russell test gives the combined insulation resist- 
ance of the three wires, but not that of each wire separately. It 
moreover necessitates interrupting the earthing connection whilst the 
test is being made. This is not necessary in Froehlich's modification, 
but Frochlich's method, however, also does not allow of a separation of 
the joint conductivity of the three faults into its three components. In 
the present communication we propose to describe a method whereby 
this separation can be made, but beforc entering into this subject we 
shall describe two methods for finding the joint fault resistance which 
do not require the earthing connection of the middle wire to be 
broken. The joint conductivity found by either method includes that 
of the earth connection, but as this is generally known or can be 
ascertained at any moment by reading the earthing ammeter and the 
voltage to earth of the middle wire, the necessary correction to get the 
true fault resistance of the system can easily be made, but the accuracy 
of the determination is marred by the presence of a low earthing resist- 
ance, and this should therefore be temporarily increased to a limit deter- 
mined by the permissible voltage between the neutral wire and earth. 

I. Method.—Let in Fig. 1 a b represent a potential slide, the resist- 
ance of which need not be known. The ends are permanently con- 
nected to the outer wires 1, 2, and the slider is connected through an 
ammeter A to earth. The middle wire is connected through a volt- 
meter V of resistance p to earth. R is the usual earthing connection 
with its ammeter A,. ‘To measure the total fault resistance push the 
slider into such a position that A reads zero, and note the reading of V 
which we shall call e. Then push the slider inte such a position that 
V reads zero, and note the reading on A which we shall call #. The 
fault resistance is then— 
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2. Method.—The middle wire has besides its usual earth connection 
a connection with a graduated resistance with sliding contact, and the 
latter is connected to earth through a low-reading ammeter (Fig. 2). 
We found it convenient to use for this purpose a Siemens milliampere 
meter of 1 ohm resistance, but any other instrument of known resist- 
ance will do. To make a test set the slider so that the pointer of the 
ammeter reads a little under half its total range, and note the corre- 
sponding resistance in circuit between the slider and middle wire. Let 
this be p and the current 1. Then shift the slider so as to reduce the 
resistance to such a value р, that the current is exactly doubled. This 
will bring the pointer to near the end of the scale. Thus both currents 
can be read with great accuracy. If ris the resistance of the ammeter 
the combined fault resistance is— 


f—p—2p-—r. 


These methods have the advantage of being very simple and requiring 
no complicated calculation, that they do not interfere with the earthing 
connection, and that they can be applied at any point of the system— 
for instance, in the engincer's office instead of at the switchboard, as is 
necessary with the Russell test. 

The proof of the formule given above is simple. Let E, and Е, be 
the voltages to middle wire of the two outers and e that of the middle 
wire to earth. Let the fault resistances be Д, fa and f, respectively, the 
latter including the earthing resistance. Let the conductivities be 
€, с, and с. Let the conductivity of the voltmeter (іп Fig. т) be y. 
We have then, when А shows zero— 


E, с, — Е.с + e (c + с, + со) + ey =O, 
and when V shows zcro— 
E,c,— E,c, + i =o. 
Since the combined conductivity of the three faults is— 
с=с, + с, + со 


we find from the two equations— 


ес-Ееүзші, 
Dom 
C= E 
e 
€ 
Tem е . . * . . % . . LJ e (1) 
1-- — 
p 


Let in the second method p be the position of the slider for the 
current i, and p, the position for the current &, and let the correspond- 
ing voltages be c and e, ; then— 

VoL. 42. 45 
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Е,с,-- Ес, teci =о, 
Е, с — Е, с, + ес + 1, 0, 
с(е— с) 1, 1, 


1—1 

C= › 

е — е; 
2—6 10р + 7 – (р. + r) 
ЕИ i—i | 


By adjusting the slider so that 7, = 2; we get— 


f io t n — 2il +7) 
1 Н 
=о—2р,—>....... ee а (2) 


Since all the methods for finding the fault conductivity proposed up 
to the present give the sum of the conductivities, it is obviously hope- 
less to try separating them by the use of additional artificial faults. 
We must introduce a new element into the test, and this is a slight 
variation of the difference of voltage between the two sides of the 
system. This may be done, since the Board of Trade allows a variation 
of + 4 per cent. in the pressure on the consumer’s premises; and if 
the test be made at a time of minimum load, this means also 4 per cent. 
variation of busbar voltage at the station. Thus if normally the con- 
sumer’s voltage is 250 on each half of the system, it will be permissible 
to adjust by means of the regulating cells or the balancing sct the 
voltage to 240 on the positive and 260 on the negative side, and then 
change the difference so as to get 260 on the positive and 249 on the 
negative. We obtain thus a change of 20 V in the value of E, and E,, and 
some change in the value of e. By observing these changes we are able 
to determine the fault conductivities separately, as shall now be shown. 

Fig. 3 represents the apparatus we use for the purpose. The outer 
wires are connected to the terminals 1, 2, and the middle wire is con- 
nected to о. V is a voltmeter capable of reading the pressure between 
the two outer wires. Itis provided with a switch so that it may also 
be used to measure the pressure between one outer (say the wire 1) 
and the middle wire. A is the low-reading ammeter used in connec- 
tion with the test according to method 2 described above, and p is its 
series resistance. This is not altered during the test. The pressure 
between the two outer wires is also kept constant, but E, and E, are 
varied so that E = E, + E; = Е, + E,’; Е, — E, = E, — E; being the 
permissible variation of about 8 per cent. of the declared pressure. If 
K is the combined conductivity of the three faults and the ammeter 
with its series resistance, we have— 


Ес — Ес. фек 20. . . . . . . (3) 
Ес — Е с te K=0. .... . « (4) 
(E, — Ес, + (E, — E,')c, + (e — e) K=0 
(Е/-Едс + (Е, — Е,)с + (0—0) K =o . . . (5) 
e—c 


due qp e 


ҚР A ee a у —_ D 


LIVE THREE-WIRE SYSTEM. 697 


Since с=с, + с, +c is known from the test made according to 
method (2), we find the conductivity of the fault on the middle wire 
from its conductivity— 
е-е 
Co = С = К ұу Е, EM (6) 
To get the other two conductivities we proceed as follows :— 
Determine c, from equation (5) and insert in (3) ; this gives— 


E, с--е € 
Sm (Е ШЕТ Е) (7) 
Determine c, from equation (5) and insert іп (3); this gives— 
E, е-е € 
(Ек ТЕС) 2.0 


This test also need not be made at the switchboard, but can be 
made at any point on the system. The two instruments may be fitted 


a 


a 


TD 
иер ие je 
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pe 


FIG. 1. ЕС. 2. 


up in the engincer’s office, and all that is required is to give the switch- 
man instructions to shift the voltage between middle wire and outers 
by a slight amount. Itis not necessary that the difference should be 
exactly 4 per cent., anything between 3 and 4 per cent. is sufficient for 
an accurate test, but it is important that the voltage over the outer 
wires should be unaltered during the few minutes required for the test. 

On consideration of the formule Nos. (7) and (8) it will be observed 
that the values of the fault conductivities of the outer mains depend 
for their accuracy upon the determination of the small differences 
between the large voltages E, and Е,. To render this measurement 
sensitive two methods may be employed: (a) in which a voltmeter 
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having an initial spring tension, and, say, of 10,000 ohms resistance, 
reading from 230 to 270 volts, is used ; (b) in which a low-reading 
voltmeter is connected to a sliding contact (see Fig. 4) on a slide 
wire connected to the outer mains, the other terminal of the voltmeter 
being connected to the middle wire. 

Both these methods may be extended to the measurement of the 
voltage between the middle wire and earth upon the same instrument. 
When the insulation of the outer mains is high compared with that of 
the neutral main, and especially when the earthing resistance 15 low, 
the value of (e — е) is very small compared with e. That is to say,a 
given change (Е, — E)in the mains voltages produces a very small 
change on the voltmeter reading between the neutral and earth, and 
therefore for this reading also a voltmeter with initial spring tension is 
desirable. 


ee 
ошо 


FIG. 3. Fic. 4. 


By means of varying the series resistance of such a voltmeter we 
can in the usual way change the value of its readings as we like, and 
so one voltmeter may be used to measure sensitively both E,' — E, and 
e — €. 

If, for example, with total resistance of 10,000 ohms a voltmeter 
reads from 230 to 270 volts, then by altering this to 100 ohms it will read 
from 2:3 to 27 volts. Such an instrument should be provided with a 
rheostat having two sliders, two rows of contacts, and two keys as in 
the diagram (Fig. 5), each contact being marked with the volts per 
division on the voltmeter. Тһе геѕіѕќапсеѕ between the contacts should 
be chosen so as to enable all voltages to be measured between, say, go 
and 120, 190 and 230, 240 and 260 on the upper row ; and between o'2 
and 15 оп the lower row. К.У, is a reversing switch, К, and К, are 
keys connecting the voltmeter to the outer wires and earth respectively. 

The instrument represented in Fig. 5 may also be used to make 
the test of the combined fault by the methods given above, pro- 


| 
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vided that the value of one scale division in amperes is known. We 
thus have an instrument which enables the fault resistances of each 
of the three live mains of a 3-wire system to be determined. 


+1, 
Mains’ voltages 
SS EE EE ST 


о----О Е 


Earth voltages К, 


FIG. 5. 


The second method (5) of using а low-reading voltmeter for 
measuring E, — E, is as follows: A graduated potential slide PQ 
(Fig. 6) is connected between the outers, and a low-reading voltmeter 


P 1 
k, 
M 
А, 
Q 2 


ЖИА» 


Fic. 6. 


is connected alternately between the sliding contact М and the middle 
wire, and between earth and the middle wire by means of a plug 
switch. When the plug is in hole 1, let v be the voltage indicated, and 
let k, and k, represent the reciprocals of the resistances P M and Q M, 
and let k, be the reciprocal of the resistance of voltmeter and its series 
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resistance if any is used when connected to M. Then applying 
Kirchoff's law of currents— 


(E, + v) E, + 0k, + (v — Е.) А, — 0, 
Or— 
Е, А, — Е.Е, + vk = 0, 


k = ko +h, + ka 


where— 


If, now, E, is changed to E, + AE, and E, to E, —A E, by simply 
altering the shunt regulator of the balancer, we then have— 


(E; + AE)k, — (Е, — 4 E) А, + v; № = 0, 
and by subtraction— 
A E (k, + А.) +(t, —v) —0, 


or if 7, — v be called Av— 


k 


AE=—A EFE 


The sensitiveness of the measurement of Av is governed by the sensi- 
tiveness of the voltmeter, because v may always be made zero by 
adjusting the position of the slider M. It is thus possible to measure 
Av with very much greater accuracy than Е, — E,, when a voltmeter 
without initial spring tension 15 used. 

The formule Nos. (7) and (8) may now be written— 


se fi Ae (horn ae авы 


Е, 22 


к Еу +2]. . ЕСЕКТІ (0) 


E: Ay 


The potential slide should be marked with the values of kt ha corre- 


k 
sponding to various positions of the contact point M to facilitate 
calculation, and for a few useful values of k, the reciprocal of the 
voltmeter resistance, which is included in А. In order to enable the 
change of the voltage between the middle wire and earth to be sensi- 
tively measured, a voltmeter with initial spring tension may be used for 
the measurement of both Ae and Ат, but it must be Piave with a 
variable series resistance. 

When the above principle is resorted to, and a iow: -reading volt- 
meter without initial spring tension is used (that is, one with its scale 
reading from zero volts), the measurement of the mains’ voltages may 
be obviated as follows :— 

By setting the slider M (Fig. 6) in its middle position we may use 
the voltmeter, with the plug in hole 1, to indicate the condition 
Е, = E. For when this is attained, by adjusting the shunt regulator of 
the balancer, the voltmeter will indicate zero. Having made this 
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adjustment of volts, we are at liberty to move M without in any way 
affecting the values of E, and E,. 
Then, as previously shown, when the plug is in hole 2— 


Е,с,-- E, с. + e(c + y) —9, 
where y = conductivity of the voltmeter when connected to earth, or— 


(c, — с) 
se IE 
cT y 


In a similar way, by considering the currents flowing “ to” the point 


е == 


O 
I 
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FIG. 7. 


M of the potential slide, we obtain v= А ш. x E,, supposing that the 


contact M has been moved from its middle position. 
By division E, cancels out and— 


€ _ с. с, k 


» cj X ЖҰҒА e s UE o ù s ‘œ (11) 
Now by adjusting the slider М, е may be made cqual to v, and so we 
obtain the value of— 


C. —C ША — К, 
2 = k 


X (Ces. deut se ca C E2) 
The value of & included in & may be equal to y or not as the conditions 
suggest. A little consideration will show that it 1s not necessary to 
make E, exactly equal to E, in order to obtain accuracy. 
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The potential slide should bear marks giving values of m or 


corresponding with a table of such values. 

‹=; is determined by the methods previously given, for which 
purpose the same voltmeter may be used with the potential slide as 
а series resistance. 

In order to separate с, and с, the sum c, + с, is obtained from the 
equation (5), which may be written— 


Ае 
а 4 с, = р X (С + у), 
and putting in the value of— 
k 
AE=—Av,——., 
РЕ + Е, 
we get the two independent equations— 


Cot o-—--—.——(ccty,..-.-.. . (3) 


а-а X (с + y). S cA ee BE wo % : (14) 


We thus have another method in which only one indicating instru- 
ment is required to make all the measurements for determining the 
fault resistances of the three mains of a 3-wire system. This last 
mcthod has, however, the disadvantage that the use of an instrument 
reading from zero renders the measurement of Ae likely to be 
unsensitive. | 

By the use of a simple compensating potential slide the difficulty 
may be overcome, as indicated іп Fig. 7. В is a small battery of a few 
cells connected to а low-resistance slide wire. The voltmeter, ren- 
dered sensitive by cutting out series resistance, is connected to the 
slider P and the middle wire O. By suitably connecting the battery a 
definite fraction of its electromotive force may be made to compensate 
the voltage to carth until V reads zero. When E, becomes E, + AE, 
the voltmeter only has to measure Ae, for which purpose its whole 
scale is now available. 

The method is equivalent to using a voltmeter having initial spring 
tension, the electromotive force tapped off the slider being equivalent 
to the initial tension. 
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ORIGINAL COMMUNICATION. 


EXPERIMENTAL ANALYSIS OF ARMATURE 
REACTION. 


By Dr. GISBERT KAPP, Member. 


(Received March 11, 1909.) 


There are several methods for experimentally separating the two 
effects which are comprised under the term “armature reaction,” 
and among these the best known аге Fischer-Hinnen's and Blondel's. 
In both of these a choking coil (or in 3-phase machines three choking 
coils) are required. In both, the machine is worked alternately on 
direct short circuit and on the choking coils, but whilst Fischer-Hinnen 
adjusts the excitation in both cases so as to get the same current, 
Blondel leaves the excitation unaltered and notes the current in both 
cases. Then from the observed values of excitation and current and 
with the help of the “ no-load characteristic" it is possible to find— 


(a) The inductance of the armature, 
(b) The back excitation produced by the armature current ; 


both these values being found for a current lagging by 90°, or nearly 
so, since a machine working on dead short circuit or on a purely 
inductive load has a power factor nearly zero. 

For both these methods the determination of inductance and back 
ampcre-turns is made graphically, and its accuracy depends on the 
accuracy with which a point of intersection between two lines (in 
Fischer-Hinnen’s method the characteristic in its original position 
and the characteristic displaced vertically by the voltage read over 
the choking coil and horizontally by the extra excitation required 
for the choking coil; in Blondel’s method by the original charac- 
teristic and its reduction in polar co-ordinates in the ratio of the two 
currents) can be determined. 

If the characteristic is not strongly curved it is very difficult to 
obtain this point of intersection with even moderate accuracy, but the 
greatest drawback to either method lies in this, that choking coils 
capable of taking approximately full-load current and something like 
three-quarters to full voltage must be provided. Such coils are expen- 
sive, and although, as has been shown by Dr. Coales,* transformers with 
an initial continuous-current excitation may be used in thcir stead, this 


* Fournal, Institution of Electrical Engineers, vol. 42, p. 412. 
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expedient can only be used if transformers of the right size and voltage 
happen to be available. It is with the object of avoiding the necessity 
of providing such special apparatus as choking coils or transformers 
on the one hand and eliminating the inaccuracy of the graphic con- 
struction if applied to machines of rising characteristics on the other 
that I have endeavoured to devise the test now about to be described. 
It should be noted that my test as well as the tests of Fischer-Hinnen 
and Blondel can only give the inductance approximately, for the 
simple reason that the inductance has not a constant value, but varies 
with the phase angle. If thc power factor is zero (as in all the tests for 
analysing armature reaction) the maximum or crest value of the current 
curve occurs when the armature wires are nearly midway between the 
poles. Consequently the self-induced flux is smaller than would be 
the case if the maximum of the current were reached when the wires 
are opposite the middle of the poles, that is, when the power factor is 
unity. The difference in the inductance in these two positions may be 
quite considerable. I have tested this point by sending an alternating 
current from an independent source through the armature whilst this 
was kept fixed in the two positions, namely, wires midway between pole 
centres and exactly over pole centres, and have found that the in- 
ductance in these cases varied as 1 to 3. When the machine is at work 
with some such power factor as 0:8 the crest of the current wave will 
occur at about the moment that the wires are near the edge of the 
poles, and consequently the average inductance will lie somewhere 
between these extreme limits. 

I have also made an independent test of the average inductance of 
the same armature in the following way: The three phases were con- 
nected in “ mesh," and at one of the ccrners an ammeter was inserted 
in scries with an independent source of alternating E.M.F. (Fig. 1). The 

current was supplied by the machine G 

and indicated on the ammeter A, whilst 

the voltage required to drive the current 

round the mesh was read on the volt 
meter V. Since the same machine G 

had been previously used to determine 

the inductance of one phase separately, 

the shape of its E.M.F. curve would 
influence both tests in the same way, 

and as we are only concerned with the 

proportion between the average induc- 

tance and its extreme values, the influence 

of any upper harmonics in the curve of 

impressed E.M.F. cancels out. When 

the armature was very slowly rotated 

Fic. І. the voltmeter showed variations of 

only a few per cent.; when rotated at 

moderate or fast specd the voltmcter needle was absolutely steady, 
and the voltage indicated was independent of the speed, showing that 
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all three phases were absolutely balanced. The result is given in 
the following tables :— | 
I, 


One Phase Only in Circuit. Position of Maximum Reactance. 


Exciting force per pair of poles in 


ampere-turns aa өм 0 1,600 4,800 7,400 
Reactance of one phase іп ohms... 073 0°72 0°53 044 
II. 


One Phase Only in Circuit. Position of Minimum Reaclance. 
Exciting force per pair of poles in 
ampere-turns 2% T о 4,000 11,000 
Reactance of one phase in а 0°236 0'232 0'225 


III. 
The Three Phases Coupled in Mesh. Armature Rotating. 


Exciting force per pair of poles in 
ampere-turns 4% iue о 1,600 
Reactance per phase in ohms T 0316 0'316 


It will be seen from I. that the reactance decreases with increasing 
excitation. This is natural. As the teeth in the armature get more 
saturated they are less able to take additional induction from the 
armature current. In the position of minimum reactance this effect is 
hardly noticeable, since the saturation in the teeth occurs near the pole- 
centres and hardly at all between the poles, where the wires are 
From III. it will be seen that the average inductance is independent 
of excitation, about 36 per cent. greater than the minimum, and from 
44 to 28 per cent. smaller than the maximum, according to saturation 

Test III. does not give the average inductance when the machine is 
working in the usual way. In III. the armature was kept running wide 
of synchronism ; therefore the crest of the current wave occurred as 
often in the “maximum” as in the “minimum” position. When the 
machine is normally at work the crest value always occurs at a fixed 
point between these two positions, and it is not possible to estimate 
whether the average value of the reactance under this condition will be 
greater or smaller than the average found by test III. The shape of 
the pole-pieces, their circumferential width, the material of the pole- 
shoes (whether laminated or solid), and the number of slots in which 
each coil-side is housed, all have an influence. It is, however, probable 
that the average reactance in regular work will be a little greater than 
found by test III. On the other hand, the average reactance found by 
the Fischer-Hinnen, or Blondel, and by my tests is certain to be a little 
smaller than the average as determined by III., for the simple reason 
that in these tests the crest-value of the current occurs near the “ mini- 
mum " position. 
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The two tests which are described hereunder are only possible with 
polyphase armatures. Their general principle is to work the machine 
short-circuited without the intervention of choking coils and to so 
regulate the excitation that the current in one particular phase remains 
the same, whilst the number of phases included in the circuit is varied. 
By varying the current flowing through the other phases we vary the 
back excitation produced by the armature on the field, whilst at the 
same time the reactance voltage of the “ particular phase” in which 
the current remains the same does not vary. Since the open circuit 
E.M.F. is (apart from the very small correction due to armature resistance 
which we neglect) the sum of the reactance voltage and the drop pro- 
duced by armature back excitation, we can separate the two effects by 
taking readings under two different conditions. This is the general 
principle of the test. To explain it in detail I will show its application 
to star- and mesh-coupled armatures. | 


ARMATURE IS STAR CONNECTED WITH THE CENTRE ACCESSIBLE. 


Іп Fig. 2 А is the “particular phase ” in which the current is kept 
the same whilst it is varied in the other two. "The accessible centre O 
is connected by switches $, Sa, S, with the 3-phase terminals, the con- 
nection to the particular phase con- 
taining an ammeter. The machine 
is run at its proper speed, and a no- 
load characteristic is taken in the 
usual way, all three switches being, 
of course, open. Now 5, is closed, 
and the excitation adjusted so that 
about full-load current flows through 
phase A. It is not necessary that 
the speed should be carefully ad- 
justed ; any frequency within 5 or 
IO per cent. of the normal gives 

Ес. 2. the same short-circuit current. Af 

the same time, the excitation is 

noted and the corresponding E.M.F. taken from the no-load character- 
istic. Then the other two switches are closed. This causes short-circuit 
currents to flow in these other phases as well as in A, and the demag- 
nctising action of the armature on the field is thereby increased, so that 
the ammeter will now show a smaller current in A than previously. 
To bring back the current to its old value we increase the excitation as 
much as may be required, and note again the excitation and the corre- 
sponding E.M.F. on the characteristic. We have now two E.M.F. read- 
ings and one current reading, and that is all that is required to separate 
reactance and back excitation ; but to eliminate errors of observation it is 
well to take the readings several times and for different currents—in 
fact, to plot the short-circuit characteristics for one phase and for the 
three phases in action. As is well known, these are straight lines, as is 
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also the no-load E.M.F. characteristic at these low excitations with which 
one deals in a short-circuit test. Let X, and X, be the ampere-turns of 
field excitation corresponding to a particular current I, when one and 
when three phases respectively are іп action. Also let X, = c I be the 
back ampere-turns produced by the armature current I, c being a con- 
stant ; and let X, represent that excitation which will produce an E.M.F. 
E, just sufficient to counterbalance the reactance voltage. With a 
frequency » the angular speed is w = 2 », and we have— 


E,=wLI 


where L is the inductance of one phase. Since I is the same in every 
phase we have for the two tests— 


х, = X, + Х, 
Х.=Х, +3 Х» 
а 

2 
x, —=3Х:— 5 
2 


From the no-load characteristic we get the corresponding value of E,, 
and this gives the reactance— 


This test was made on a 30-k.w. 3-phaser in the laboratory of the 
Birmingham University. Itis the same machine on which the direct 
test for average reactance above mentioned gave 0°316 ohm. For 
І = 9o amperes the readings were :— 


Phase A alone shorted ... қан X, = 1,020 ampere-turns. 
All three phases shorted sis X, = 2,305 » 


From these figures we find— 
X, = 6425,  X,—3775. 


The corresponding value of E,, taken from the no-load characteristic, is 
26°5 volts, and the reactance is therefore— 

205 

—— = 07204 ohm. 

90 94 

A Blondel test made on the same machine by another observer 

gave a reactance of 0:33 ohm at the same frequency of 5o. The 
characteristic of the machine is, however, so very slightly curved 
that great accuracy by means of the graphic method cannot be 
expected. It was shown above that any short-circuit test in which the 
crest value of armature current occurs at the “ minimum" position 
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must give the reactance smaller than the direct determination by which 
I found, as stated above, 0°316 ohm. The circumstance that the 
Fischer-Hinnen test gave not a smaller, but a larger figure, only 
emphasises the fact that this test cannot be made accurately unless the 
characteristic is strongly curved. 

The armature has а 3-hole winding with 4 wires in cach hole. If all 
the wires were concentrated in one hole the armature back ampere- 
turns would be, theoretically— 


12 X 00 - 
X m Wa 


X, = 760. 


The actual value is only 642°5. Itis probable that the reduction is 
due to the spreading of the coil side over one-third of the pole-pitch 
instead of its concentration in onc point. 


ARMATURE IS MESH CONNECTED. 


The test is arranged as shown in Fig. 3. Two of the terminals— 
namely, those of the “particular phase” are shorted through an 
ammeter A, and the other two phases may be shorted by closing the 


Fic. 3. 


switch S. The machine, of which the no-load characteristic at normal 
frequency has previously been taken, is now run at about normal 
speed (though also in this case a deviation from the normal up to 
10 per cent. is immaterial), and the excitation is adjusted so that a 
definite current, say about 50 per cent. more than the normal phase 
current, shall be indicated by A. If we suppose that the reactance in 
all three phases is the same, the current shown on A will divide in the 
ratio of two-thirds in the phase a and one-third in the other two. This 
supposition is not quite correct. Phases b and c, being at the moment 
of maximum curreut nearer the pole-centres, will have more induc- 
tance, so that their share will be a little less than one-third and that of 
a will be a little more than two-thirds of the total current I indicated 
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on А. Since, however, the circuits are in parallel, the disturbing effect 
of this inequality in the average reactance on the total observed 
current is not very serious. At any rate, the supposition of a division 
in the ratio of 1 to 2 and of the same reactance in all phases is a 
necessity if we would treat the problem mathematically. 

Whatever may be the ratio in which the current divides between 
the two parallel circuits, it has a lag of 9o? in both, and its 
demagnetising action is therefore correctly given by & I, — X,, if by I, 
we denote the current indicated in A when the switch is open, & being 
(as before) a constant. Two of the coils, namely 5 and c, carry crest 
value of the current when their sides are only 30° instead of 
go° distant from the pole-centres. Their back exciting force 
may for this position be considered as proportional to sin 30^, 
or half what it would be if the current in these coils lagged by 9o*. 
This wil be the lag in all the three coils when the switch is 
closed. The current indicated is now smaller, and to bring the current 
in the “ particular phase " a back to its old value I, we must increase the 


excitation so that A indicates the current I 13; 'The two currents for 
“switch open” and “ switch closed” are therefore 1:5 I and ./3 I, or— 


f= ris li. 


To I, corresponds the exciting force of X, ampere-turns. 
To I; corresponds the exciting force of X, t 


Both are noted on an amperemeter in the field circuit. 

When the switch is closed the back excitation produced by the 
armature is I, 4/3, and this is exactly double the amount produced by 
I, when the switch is open. We have thercfore the following 
relations :— 


х, =Х, + X: 
X,=X,+2X 
X, == X,— X, 
X,==2X,— A, 


By reference to the no-load characteristic we find the corre- 
sponding value of E,, and since the current flowing through the “ par- 
ticular phase " has throughout remained at the value— 


pad 


the reactance is— 


w L=I's5 ae 


By applying the test here described to a mesh-connected armature, 
it is,as has been alrcady pointed out for a star test, also advisable 
to tike a'l readings several times, so as to get the short-circuit lines for 
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the two conditions of “switch open” and “switch closed” as accu- 
rately as possible. It should be remembered that we have to 
determine small differences between comparatively large quantities, 
and that therefore any error in the determination of these quantities 
will be magnificd in their differences. 

In a test I have made on the machine above mentioned, I found 
for I, = тоо and I, = 115— 


X, — 1,075 
X, = 1,880 
X, == 805 
Х, = 270 


To the latter valuc corresponds an E.M.F. on the no-load character- 
istic of 19°5 volts, and this gives— 


w L = 0292 ohm. 


The agreement with the determination of the reactance when the 
armature was star coupled is perfect. This should not be taken to 
indicate that the method is equally perfect; rather the reverse. 
The two determinations should give different values, and if they 
give the same value it only shows that in this particular test the 
errors of observation happen to balance imperfection of method as 
regards reactance, whilst they accentuate each other as regards 
armature back excitation. In the star test the coefficient c was 
found to be 7°1, whereas now we find the coefficient & = 8:05. The 
discrepancy is duc to the assumption made that the current divides 
in the ratio of 2 to 1 between the “particular phase” and the 
other two phases. This assumption is necessary for a simple treat- 
ment, but it introduces an error for the following reason: Since а 
takes a little more than its theorctical share of the total current 
we must (in order to make it take 1/4/3) slightly decrease X,. This 
means that the mesh test should give a smaller value for the reactance 
than the star test. For the back excitation X, it should give about 
the same value, though absolute agreement cannot be expected 
since the position of the coils relatively to the poles at the time 
when the armature current is a maximum is somewhat different 
in the two cases. 

As a general conclusion of this investigation, we may say that 
the new method of testing for reactance and back excitation gives 
these values for the case that the current has a lag of 90°. The 
method is absolutely correct when applied to a star-coupled armature, 
but only approximately correct when applied to a. mesh-coupled 
armature. 
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